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SllZORY 


Investigations  or.  the  lr'  oratory  .production,  of  Z-onyaulso:  catanella 
poison  were  carried  out  at  Carp  Detrick  fro."  April  1^1  to  ziarcY. T9!T? . 
Methods  were  developed  for  the  estimation  of  growth  by  direct  microscopic 
count  or  by  the  analytical  determination  of  cellular  carbohydrate.  Poison 
was  extracted  from  G eat  arte  11  a cells  t.nd  asse^sd  as  shellfish  poison. 

Us®  of  a large  inoculum*  illumination  with  fluorescent  light,  and  cor.tirru- 
oua  incubation  /it  17  C for  7 to  li,  day®  gave  maximal  yield®  of  £0,000  to 
80,000  cells  per  nil  in  sea  water  and  in  artificial  aea  water  media.  Im- 
proved growth  was  obtained  by  increasing  the  nitrate  and  iron  concentration 
in  sea  water  medium.  The  addition  of  culture  filtrates,  extracts  of  cen- 
tsadnsnt  bacteria  or  organic  nutrient®  to  sea  water  media  did  not  sigrd- 
fifltcfcly  alter  growth  of  £ catanslle*  Opntact  with  rubber  products  or 
galvirdwd  ska  at  ait  si . ccfpict^ur  inhibited  growth.  Stainlesi  steel  or 
polyethylene  caused  slight  inhibition  which  was  overcome  with  ethylene- 
dlffsinetetraac state  ( HSTTA) • Saran  plastic  or  alurdnuis  did  not  inhibit 
grswth#  Artificial  sea  water  media  prepiffid..iei£h..A.  mixture  of  inorganic 
-silts.  (Ignar  end  Fleming)*  or  with  commercial  sea  salt  dissolved  in  tar 
water,  supported  good  growth  of  sea  water  inocule  but  failed  to  support 
Q catanella  growth  after  repeated  subculture.  Growth  in  the  sat  salt 
SaflisBi  Was  improved  by  the  addition  of  0»C1  per  cent  ZKA  and  $ to  15  per 

"§ 

i,  or 

ultreriolet  irradiation*  The  addition  of  polymyxin  B,  penicillin* 
lireptcthricin  or  strepto-^-cin  tc  culture  media  iawr^ved  the  growth  of 
~ ~ the  best  poison  yield*  1.3  mouse  unite  (JdJ)  per  nil,  In 
lon^triCL®  wu  obtained  in  3*5  liters  of  see  Water  culture  con- 
taining 17  £g  of  polyiyxin  B per  ml  after  7 d^e  of  incubation  in  a ro- 
tating fermenter  with  continuous  fluorescent  illumination*  With  an  average 
yield  of  1 Hu  per  iu.  per  week,  the-  estimat-sd  poison  production  with  the 
available  facilities  was  70.000  MU  per  week. 


*> 


V 


SECRET 

Security  Information 


SECRET 

Securitv  Information 


a:t,:o.£,  zdg:z.:*s 


In  addition 
personnel  also  7. 


to  the  authors  of  this 
rticipated  ir.  this  irv 


report,  the  following 
s ;iwr.tior.; 


Gerald  VejfUr,  Pic  USA  Kenneth 

Dwight  H.  Tickling,  HH2  VST  Artirnr  >{« 

Betty  Klein  Derr 


Anderson,  Er.s  VST! 
Heeenor,  IDI3  VSU 


- The  authors  alao  wish  to  acknowledge  the  assistance  c-v®n  <-y 
tJr*  Dj  Hold  of  P3  Division  in  developing  -Tethode  for  poison 

extraction  and  jesay,  Dr.  U.  B,  Gary  of  the  Bacterial  Nutrition 
Branch  in  applying  the  enthrone  reaction  for  carho^rdrstes  to  the 
counting  of  Q cataaalla,  Mr.  A.  C.  Hoff  nan  and  fir*  R*  Hi  Crm  of 
S Division  in  cJevlsing  speeislised  equiposent,  personnel  of  the 
Hooper  Foundation  of  the  University  of  California  whose  work  on 
■•hellfish  jpoicon  (Contract  Ho.  :$O.e«064-Cl2$l)  provided  valuable 
guidelines  in  this  investigation,  and  other  personnel  of  the 
Stotsrial  Nutrition  Whose  auarestionfl  aided  the  work* 


SECRET 

Security  Information 


SECRET 

St;untv  *ri*orrnaf Kin 


rhe  r.uxriVicr.  o:  tr.«  c j.a-.Ktor.  ccnou  -a?*i*ao« 
studied  ax  Camp  D-trick  fro*  April  l?>i  to  March 
originally  isolated  Iron  rr»d  water1"  collects::  *: 
was  obtained  from  the  investigators  at  the  ’Jr.ive: 


.ax 


:a:3.nuia  was 


i h;T.  A- 5 too  1<  c ut-rre , 
Monterey  say  in  May  iva?, 
-'a2if  orais  study-* 


inj  shellfish  poison  'under  Contract  V-l:~'tL'CM*-25l;  The  culture  was  free 
of  other  plankton  out  contained  licrobixl  contaminants.  Usin^  thi  3 culture 
the  California  investigators  had  developed  several  neduc  containing  -o*ea  or 
autoclaved  Paci/ie  water  rsppl ^swrrrted  with  n^rirw*  wnd  (soil)  ertrA^t  «r-d 
inorganic  sources  of  nitrate,  phosphate,  iron  and  silicate.  Six  volurees  of 
medit**  were  inoculated  with  1 volcsae  of  culture  and  the  cultures  (67  to 
7,525?  «l  volww*)  ware  incubated  in  pyrex  bottles  in  a 17  C water  b*th  for 
an  optlwtn  grovth  oeriod  of  I vs«k.  The  cultures  were  illtsrdnated  with 
flworesoetrt  or  ine  trod*  scent  lights  go  placed  that  the  light  was  filtered 
through  1/2  to  1 inch  of  water.  Kaxirnun  yields  of  2,000  to  Ik, 000  cells 
per  tC  (with  the  -xosption  of  one  yi*ld  of  hO,  600  calls  per  ml)  *ere  ob- 
tains c 7h?e  cells  were  contrifugsd  from  the  culture  msdi1®  an-d  extracted 

f or  poison  with  boiling  0.1  % MCI  and  the  extracts  wera  assayed  by  tha 
eiandxrd  »cn»«  assay  Method  for  «aaOsi  poison  used  In  Frojset  b*»6l-lii«001# 
ThS  rttxifiun  paiJcri  yield  obtained  by  the  CeUfora is  workers  was  1,2  Mount 
units  psf  rtl  for  a eultur*  eentoifang  U0f60C  a alia  per  nl.  The  expected 
pfedtwHdn  with  large  teal#  a^tiipatnt  (20  liter  bottle •)  darlsad  by  these 
woy|6frr  ye*  5jw00  to  OOO  Mouse  urate  pat  week, 

The  in*«s  tig  a big  tvs  dessflfcxsd  in  this  r sport  wars  undertaken  with  tfca 
el^tetiVd  of  providing  i reliable  aowd#  of  0 ftgtspulla  poison  in  order 
that  ehdiioal  ohdrMtsrisabien  tight  uraaaed^ wTwilw  lltarrs^Uan  aauaad 
by  faiisBNs  of  the  natural  *s***ei.  liieervs  v«?i  iaad«  to  inoraase  poison 
yields  » syitaftatie  studies  on  nutrition  and  invitation  conditions  of 


fsstirf 


Unfortunately,  the  results  of  so»  srf  the  expert* 


an  net  as  Uv^Ute  ae  desired*  frwrisi  was  retarded  by  the  slew 


«wih  Md  fragility  ef 
iaaiftant*  in  tis#  steak 


ai  Mill  ae  by  the  preeer.ee  of  eon* 


fl  liVlftslIl 

wuofc  interfered  in  the  evaluation  ef 
hutritieftal  effeeti*  The  abrupt  termination  of  the  projest  interrupted 
place  for  additional,  studies  end  left  sew  experiments  partially  aoa- 
plited.  this  w?a  was  inaludtd  for  its  possible  us*  to  future  invest!- 
eaUsns  of  5 eatafalla. 
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a.  JF7HCDS  FOR  THS  DSTFSMIKATION  OF  ORCWD- 

(1)  Direct  Jticroscopic  Cell  Counts 

Gonyaul&x  c a Panel  La  is  a unicellui- r,  pigmented  dmofl  age  Hate  occurring 
singly  ant!  in  aEoHTHHsTns  of  2 to  i,  cells  in  artificial  culture,  H&eh  cell 
in  ’Approximately  30  to  10  microns  in  diameter  in  artificial  culture.  Hiero- 
sccpic  cell  cpupci  were  mede  ny  th»  California  workers  on  culture  samples  di- 
luted 1 to  100  with  2,5  per  cent  formalin,  In  the  investigations  at  Caap 
Detrlck  approximately  0,035  ml  of  a well -mixed  'undiluted  culture  was  transferred 
to  a Howard  mold  counting  chamber;  the  uhatber  was  bested  for  I minute  at  70 
C to  inactivate  the  motile  cell*  and  placed  on  the  stage  of  a binocular  sdcro- 
•cope  giving  1001  signification.  The  intact  cell*  in  yo  or  more  field*  were 
counted  at  approximately  equally  spaced  locations  by  moving  the  chamber  with 
• mechanical  stage,  The  average  count  per  field  srUtiplied  by  the  reciprocal 
of  the  field  t “Vasa  in  ml  (5300  for  Spencer  binocular  microscope  with  101  ob- 
jective and  10DI  eyepiece  lenaea)  gave  the  number  of  cella  per  si.  Duplicate 
or  triplicate  eagles  cf  each  culture  were  counted.  The  averaged  count  <rf 
2 o#  more  saaples  was  rooorded  as  the  cell  yield.  Replicate  counts  uauaily 
did  not  vary  by  more  Usa&Jp  per  cent,  The  small  aacple  voluaa  tad  the  ten- 
dency for  uneven  eell  distribution  on  the  ocimting  eh  a* ber  limited  the  wouracy 
of  tfela  metbodU  ..  ' 


~r{2)  Vitttal  IiUaiUfi)  of  Growth 

It  w*s  possible  to  estimate  0 estate  11  a growth  visually  in  cultural 
containing  acre  than  1000  cells  per  ml,  ifiis  method  was  senvenitnt  for  fol- 
lowlni  growth  in  teat  tub®  euit^a*es  throughout  the  incubation  ptried  without 
disturbing  the  ot&ture  by  frequent  removal  of  sample  a,  Growth  vti  expressed 
by  the  mate rtls  0 through  5 which  had  the  following  approximate  relation  te 
cell  counts t 


Visual ' 

Cells  per  ml 

0 

1 

c 

b 

i* 

5 

0 to  i , X>0 

1.000  to  5,000 

5.000  to  15,000 

15.000  to  25,000 

25.000  to  1,0,000 

10.000  or  nore 

<* 

Visual  estimation  of  th~  suspended  growth  in  unmixed  cultures  gave  an 
approximation  of  the  nianber  of  living  cells,  an  indication  of  Culture  vigor 
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because  read  colls  settled  out.  Intact  toad  colic  ve.-e  r.ct  distir.guisr.ed 
from  living  cells  by  the  miircscopic  count. 

( 3)  Determination  of  Cellui.-r  'arbohydrate 

The  enthrone  method-1-,  a quantitative  colorimetric  do  to  r~iinr.fi  or.  for 
carbohydrates,  was  studied  as  a possible  method  for  determining  cell  numbers 
of  0 cetane 11a.  The  cells  were  separated  from  the  -Tedium  by  centrifugation, 
treated  with"  the  an  throne  reagent,  and  the  resulting  txue  color  measured 
photometrically.  Scales  of  1,  5,  10,  ?0  and  i-0  ml  volume*  of  * well  -nixed 
16-dsy-old  culture  of  0 catanelia  grown  in  500  ml  of  tea  water  medium  were 
trtnsf erred  to  hO  ml  conical  centrifuge  tuleu  and  centrifuged  at  2000  rpm  for 
10  Binutei.  The  carbohydrate  content  of  the  supernatant  liquid  was  found  to 
be  negligible  and  it  waa  decanted  and  drained  by  placing  the  inverted  tubes 
on  filter  paper,  The  cella  in  the  tube  wtre  resuspended  in  3 ml  of  di stilled 
water  and  the  tubes  placed  in  an  ice -water  bath.  Seven  ml  of  the  anthrom 
reagent  (0.2  per  cent  enthrone  In  95  per  cent  HjSC^)  was  added  to  each  tube 
slowly  with  shaking  to  avoid  overheating  during  the  mixing.  The  tubes  were 
heated  In  a boiling  bath  for  10  sinutes  and  oooled.  The  optical  density  (OD) 
of  the  olear  blue  color  was  measured  in  a Coleman  spectrophotometer  at  620 

The  fol -owing  results  were  obtained  j 


Culture  voluss, 

r ik 

Total  cella, 
thousands 

CD 

00/ 1,000  cells 

i 

5 

0.0555 

0.0185 

5 

15 

0.278 

0.0185 

-10 

;o 

’0.58? 

0.0196 

20 

60 

1,201 

0.0201 

A linear  relationship  between  optical  density  and  the  nvesber  of  cells  ana- 
lysed i»  shown  by  the  agreement  ewng  the  OD  values  per  1000  cells,  These 
values  alio  establish  the  sensitivity  of  the  method  to  be  approximately 
100  cells,  Which  is  greater  than  the  dir?:t  cell  count  method.  Disadvantages 


of  the  enthrone  method  were 
and  cellular  do bri * as  was  pcs 
00  value  per  1000  oelle  varied 


• * - a.  u *.  jj  _ _ 

wia*  lv  □ : u ^ 

ciblc  by  the  direct  nnunt  method. 


J J -4  4 
U_L  D W i 


nguish  bs tween 


intact  cells 
iriu  that  the 


with  culture  aga 


1,  Heiah,  A.  C,,  1950,  Analytical  Methods  for  Bacterial  Fermentations, 
National  Re  search  Council  of  Canada,  I.cpor  t"No.'  Li-S-J,  Revised,  p,  30. 
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Spectropho tone trie  examination  of  tr.e  pignrnts  extracted  from  0 £ a t a - 
nalia  cells  with  methanol  showed  major  absorption  maxima  at  UlO  and_6v5  mp. 

7o~  3e te rmi r»e  whether  a correlation  existed  between  the  number  of  cells  ex- 
tracted and  the  absorption  values  cf  the  pigment  At  UiiC  mu,  different  vol- 
umes of  a culture  containing  39, OOO  cello  p-r  ml  w^re  filtered  or.  a 1.5  cm 
sintered  glass  filter.  The  cells  on  the  filter  were  washed  onca  with  1 ml 
of  water  and  extracted  at  2?  C with  five  1 ml  volumes  of  ?0  per  cant  methanol, 
xha  i ol ioiri opi*ic^l  u#uaiu/  v a 1 lie s v?€rr£  r& d vi *tr>  ui*pxic&t£  r^Xv rsets j 


Culture  volume* 
ml 

Cells  extracted 
thousands 

Optical  density 

1 

3? 

0.01?  0.01 

3 

117 

O.Oij  0.055 

u 

156 

0.07 

5 

195 

0.1L3  0.095 

7 

273 

O.1&0 

Tlw  »eth®d  was  unsatisfactory  for  the  quantitative  determination  of 
growth  tseauM  the  optical  density  rallies  of  delicate  samples  varied  and 
because  tfee  optical  density  did  net  increase  in  or  abortion  to  tha  number  of 
Mils  extracted,  These  errors  war®  probably  caused  by  inequalities  in  pig- 
want  extraction.  With  improved  accuracy  this  method  of  detendninf  pig- 
mented (predominately  viable)  cells  night  proridt  better  estimation  than 
the  an  throne  method  which  wee  subject  to  errors  due  to  cellular  debris  and 
aentaeioaflt  growth. 


Additional  absorption  maxima  were  obsorrad  in  pigment  axtraots  of  the 
oalls  from  3.5  liters  of  culture,  The  cells  were  extracted  in  a centrifuge 
tube  with  6 sueasseiTi  2 ml  volmei  of  absolute  methanol.  Tha  pigments 
vara  extracted  from  the  cells  at  different  rates,  i.e.i  orange  and  red 

(xanthophyllic)  pipenti  predominated  in  extracts  1 and  2,  gTaan  (ohloro- 

T 4 m \ h4  a«a  wm'f  U A 1 m mjA  } i ■ A wa  ^ 1 ntf  — m.  ni  ■ 4 m C m mA  A ^V.  a aham  — 

y ^ jii'M.  vw  > w.  f »•  ^ ^iic  t.  «w  ■ < i / w n*  w i • . . w wv«  j/ 


tion  maxima  of  the  axtracta  were  determined  with  a Beckman  model  DU 
speotrophotometer.  They  are  listed  in  order  of  decreasing  intensity  for 
each  extract,  as  followai 
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Extract 

W w — Ji 

A C 3 ‘ 

. maxima,  ! 

>-u) 

1 

orans’® -red 

326 

2 

red- green 

328, 

270, 

U20, 

675 

3 

green 

675, 

Uo, 

330, 

51*0, 

510 

1 1 

green -yellow 

°?5, 

t a a. 

UJ-U, 

t-  Vs 

( t.r\ 

n r\ 

yxs J 

c 

yellow-green 

1*10, 

6?5 

9 

yellow  (slight  green) 

1*10, 

67$ 

The  strong  Absorption  of  blue  light  and  red  light-  may  b#  of  signifloonos  in 
selecting  optimum  illumination  conditions  tor  the  artifioiei  cultivation  of 

0 OttAOSlll, 

(5)  Determination  of  Culture  Turbidity 

The  turbidlaetrU  mttfeod  vii  & rapid  means  of  evaluating  growth  in  oul- 
tVE'ae  1 rhsre  sstransous  turbidity  caused  by  oont«inant  growth  or  preoipi- 
tatet  in  the  mdlm  vie  abaent.  A linear  relationship  vu  shown  to  exist 
between  the  cell  count  and  the  turbidity  value  a of  oulture  a ample i.  A Cole- 
man phc tone phs lout ter  woe  uaed  to  measure  the  turbidity  of  culture  sample# 
in  18  m teat  tubes.  The  instrument  was  adjusted  to  0 turbidity  with  the 
appropriate  unlnooulated  medium.  The  cells  in  the  culture  sae$l«  were  evenly 
suspended  before  reading  by  tapping  the  tube  lightly,  and  the  first  steady 

Salt  loos*  ter  reading  was  rscorded  as  the  turbidity  value,  The  steady  value 
•ersaasd  after  about  X seeends  as  tha  sells  either  is  tiled  or  swam  to  the 
surfaee  of  the  liquid.  The  disadvantages  of  this  method  were  its  failure  to 
give  reproducible  turbidities  arid  the  fact  that  dsad  cells,  osll  fragments, 
and  contaminant  growth  ware  inoludsd  in  ths  turbidity  values.  A more  aoeur- 
ite  estimation  of  viable  growth  wts  possible  by  visual  examination  of  the 
aulture,  and  the  visual  method  vas  used  ir.  preference  to  the  turbidimetrlo 
method, 


b,  THE  DETERMINATION  Of  POISON  YIBX 5 


The  growth  (cell  yields)  end  toxicity  of  0 cat  me  lie  cultures  often 
were  not  parallel}  therefore,  it  was  ne ce s i ary“to“-T=ls fnl ne  poison  yields 
for  accurate  evaluation  of  media  to  be  used  for  poison  production.  The 
poison  was  extracted  from  th»  0 ;*  Panel  la  cells  and  d«tetnitt*d  by  the  stan- 
dard mouse  assay  -othcd  for  shellfish  poison,  Results  were  expressed  a« 
mouse  unite  (HU)  p*r  ml,  a mouse  unit  bning  the  ar.ount  of  poison  which  kills 
a 20  gram  mouse  15  minutes  after  i ntrepr  itoneal  inj  ction,  The  poison  yield 
did  not  include  poison  released  from  cells  into  the  culture  medium  during 
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incubation.  The  amount  pc is 
since  a method  for  th*  recovery 
available,  and  the  poison  could 


r,  loci  _n  this  manner  war  no:  established, 
of  person  fro”  sea  water  nedi-jo  was  not 
not  be  assayed  accurately  in  the  medium. 


The  selection  of  a poison  extraction  method  was  based  on  the  results 
of  tests  ’with  different  extraction  solvents  and  different  methods  of 
collecting  and  treating  the  cells  for  extraction.  The  extraction  solvents 
investigated  wer«:  0.1  and  0.01  N HC1,  0-01  N acetic  acid,  0.01  N HC1  con- 

taining 15  per  cent  ethanol,  10  per  cent  trichloroacetic  acid  (TCA),  and 
water.  The  cells  from  25  t-o  100)  ml  culture  samples  were  extracted  at  80  to 
95  C with  successive  portions  of  the  solvent.  Several  tests  ver*  rode  with 
different  culture  samples  at  different  times  in  this  investigation.  A 0.01 
I HC1  extract  was  prepared  in  each  solvent  test  to  give  a baseline  for  com- 
paring  the  efficiency  of  solvents  in  different  tests.  The  following  data 
show  that  the  best  extraction  solvents  were  0.01  N HCi  and  10  per  cent  TCAt 


Solvent  Test  solvent  0.01  N H01  control 

KU  per  ml  HU  per  ml 


* 


0.1  H HCI 

0.22 

0.22 

0.10 

O.U* 

15«  ethanol  in  0.01  N HCI 

0.01 

0.10 

0.15 

0.21 

0.01  X acetic  acid 

0.07 

0.09 

0.03 

0,05 

10%  TCA 

0,52 

0.15 

Water 

0.02 

0.05 

The  TCA  extract-  was  obtained  by  a single  extraction  with  1 ml  of  10  per 
cent  TCA  followed  by  extraction  with  2 ml  cf  water.  The  TCA  was  removed 
from  the  extract*  by  treating  the  mixture  with  1 gra  of  anion  exchange 
resin  (271-UB)  to  give  a neutral  filtrate  for  assay,  ’’'he  poison  extracts 
obtained  with  the  other  solvents  did  not  require  treats nt  other  than 
dilution  before  assay.  Based  on  poison  yields  and  convenience  of  use, 

0.01  s’  HCI  was  selected  as  the  poison  extraction  eolvent  for  this  Project. 

A convenient  end  rapid  procedure  was  desired  for  poison  extraction 
from  the  numerous  experimental  cultures,  A suitable  procedure  consisted 
of  collecting  the  cells  from  100  ml  or  less  of  culture  on  a layer  of  oelite 
cn  a Hirseh  funnel  (siie  0000)  by  vacuum  filtration.  The  filter  contain- 
ing the  cells  was  placed  in  an  even  at  80  to  100  C and  the  cello  extracted 
with  onu  1 ml  and  four  0.5  m1  volumes  of  0.01  N HCI  added  at  2 .minute 
intervals.  The  extracts  were  col' noted  and  brought  to  the  desired  volume 
in  calibrated  12  ml  centrifuge  tubes.  An  alternate  method  consisted  of 
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illftcting  the  cells  in  * a~ ' r i 
t 2 11 ' rcr„  T'^ 


r,l  centrifuge  tubes  by  centrifuging  fci 
p minutes  at  <CJuu-  rpr.  me  supernatant  liquid  was  poured  c:f;  3. 21  V,  HC1 
wc.s  added;  the  sccimer.t  was  resuspencei;  and  the  wucp  was  "laced  In  a i ..12 
ing  water  bath  for  10  minutes.  The  tube  wag  centrifuged  for  f minutes  at 
3001  to  hC'Q  rpm  and  the  extract  was  removed  with  a pipette.  The  acia 
extraction  was  repeated  several  tines.  The  two  methods  gave  similar  re- 
sults with  culture  samples  containing  less  than  0.2  V U per  ml;  however, 
when  the  toxicity  exceeded  this  value,  higher  poison  yields  were  obtained 
by  extraction  in  centrifuge  tubes  as  shown  by  the  following  data: 


Sample 

Filter  method 
MU  per  ml 

Oor.trifuge  tube  method 
MU  per  mi 

1 

0.05 

0.07 

2 

* 0.08 

0.06 

3 

O.lh 

o.m 

4 

0.16 

0.39 

5 

0 

• 

N 

o> 

0.15 

Improved  poison  yields  were  obtained  by  reducing  th«  escunt  of  cell  be 
used  in  the  filter  method.  Sample  number  U yielded  0,16  MU  per  ml  when 
filtered  and  extracted  on  a layer  nfeilite  1/h  inch  in  depth,  Thie  yield 
was  increased  to  0,21  MU  p'-r  ml  with  1/8  inoh  of  celite,  and  to  0.33  MU 
per  ml  when  no  celite  was  used.  Hcwvjr,  the  filtration  of  culture  simple* 
without  celite  was  frequently  slow,  and  the  centrifugation  method  was  pre- 
ferred for  routine  test  assays,  A modification  of  thlf  method  was  used  to 
extract  the  poieon  from  cultures  of  It  to  11  liter  volume,  The  cells  vers 
oollected  in  a Buchner  funnel  containing  a thin  layer  cf  celite  on  a coaree 
filter  piper  (F.aton-Dikeaen  Ho,  61?).  The  cell  and  celite  mixture  was 
transferred  to  a centrifuge  tube  and  extracted  by  the  above  procedure, 

A single  attempt  was  made  to  collect  and  extract  cells  on  & celite 
colu!*v>  as  reported  by  the  California  investigators  { Contract  Humber  W-18- 
06h-0H-25l}  15  Apr  51).  A 1000  ml  sample  of  culture  was  passed  through  a 
cclumn  of  eilite  2 inches  in  diameter  and  1*  inches  deep.  The  column  was 
placed  in  a 5?  C oven  and  extracted  with  three,  25  ml  volumes  of  boiling 
6.01  N HC1,  The  combined  extracts  gave  a yield  of  0,0ti3  MU  per  ml  as 
compared  to  0.069  MU  per  ml  by  3 extractions  of  a sample  of  the  culture  in 
a centrifuge  tube. 

Microscopic  examination  showed  that  most  of  the  0 ca-anella  cells  re- 
tained intact  cell  walls  after  extraction  with  hot  0.31“!H75T  cr  0.1  N 
HC1.  Attempts  were  nade  to  break  up  the  cells  in  order  to  improve  poison 
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extra; 


.or. 


. ntact  ce 


at  te: 


-aor. 


minutes 


1,1  or  0.2  mm  diancn^r  ass  spheres 


V KOI 


in  the 


cup  c:  a Mick^l  d 
and  glass  spheres 
tract  of  th*  sate 


s Integra  tor.  The  fixture  of  acld;  dis.nte  grated  cells, 
was  heated  for  10  nitrates  and  filtered.  A poison  ex- 
culture by  the  filter  r°thod  served  as  the  control. 


The  result?  did  not 
process? 

show  increased  poison  yields 

by  the  disintegration 

Sample 

Filter 

Disintegration 

HU  p^r  ml 

MU  per  ml 

1 

0.  lli 

0.18 

2 

0.20 

0.16 

3 

0.10 

0,10 

1 

0,00 

A A / 

UrUB 

The  effect  of  the  cresence  of  a plaeeolyting  agent  on  poison  extraction  vu 
studied  by  including  1 per  cent  of  ethyl  acetate  with  the  first  portion  of 
extraction  solvent.  The  results  with  3 solvents  showed  no  improvement  in 
poiaon  yields  by  ethyl  acetate  treatment i 


Solvent 

Control 
MU  per  si 

1%  ethyl  acetate 

MU  per  b! 

0,01  K HOI 

0,070 

o.oso 

o,ol5 

0.050 

0,01  N acetic  acid 

0,070 

0.050 

0,029 

0.030 

Water 

0.020 

0,020  to  0.026 

A lack  of  correlation  between  yields  of  cells  and  poison  was  often 
observed,  Deterioration  of  poison  within  the  cells,  or  diffusion  of  poison 
from  the  cells  into  the  medium  during  the  growth  period  would  result  in  re- 
duced toxicity,  a loss  cf  cellule  poison  was  demonstrated  for  cells  sus- 
pendsd  in  sea  water  and  stored  in  the  dark  at  5 C or  17  C to  minimize  growth 
and  poison  synthesis,  The  cells  in  a 250  ml  sa^-ple  of  culture  (containing 
51,000  cells  per  ml)  were  collected  by  gravity  filtration  on  coarse  filter 
paper  and  resuspended  in  250  ml  of  sterile  sea  water.  The  resulting  sus- 
pension containing  16,000  ceils  p<*r  ml  was  mixart  ttr.d  divided  into  five  50 
ml  samples.  Duplicate  samples  were  stored  in  the  dark  at  5 0 and  11  C.  The 
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regaining  52  ml  sa-r.le  w=:  rxt^^c  ted  for 
After  3 arc  ^ 'fays,  sn~rles  at  eac 

tracted.  Foiscn  .fields  and  cal:  counts  d 
tanner  a fares , The  increased  r. 'enters  of  c 
poison  yield  decreased  more  rapidly  than 


th«  initial  '2  days'  poison  yi<*7 
h tenporat'ore  w-re  removed  and  n 
»c reas^d  durinn  at- rage  at  both 
ells  per  KU  indicated  that  the 
the  cell  yields 


Storage 

days 

17  C 

5 C 

Cells/ml 
( thousands) 

Cells/^'j 
( thousands) 

Cells /ml 
( thousands) 

Ml'/ml 

Cella/MU 
( thousand! 

0 

u6 

3.1' 

2 0 

u6 

2.17 

270 

3 

38 

o 

H 

O 

360 

1*0 

0,11 

365 

7 

33 

0.06 

1*12 

31 

0,10 

310 

Tfc*  cells  stored  at  17  C had  lost  25  psr  cent  of  their  initial  poison  content 
after  3 days  and  more  than  33  par  cent  after  7 days  of  storage,  Similar  losses 
in  growing  cultures  would  materially  reduce1  poiaon  yields.  It  would  be  desirable 
to  mininii&e  auch  loss  by  a continuous  harvesting  of  the  cells  or  by  devising 
•tthods  for  the  recovery  of  the  poison  Igit  to  the  culture  medium, 


3.  CQ?OITl0ftS  roa  THB  artificial  cultivation  OF  OOttTAULAX  catamslla 
a.  I?©CULW 

Cultures  of  0 oat  trail  a ineubated  for  1 to  2 weeks  in  1 liter  of  sea  water 
msdisai  in  Srler*eye?™oF7row"fom  oulture  flasks  were  used  as  a standard  J.ncou- 
l\n  (sea  water  inoculum)  for  experimental  and  production  media.  In  the  early 
part  of  the  study,  whole  cultures  containing  both  living  and  dead  cells  were 
used  as  inocula.  Later  it  was  found  that  an  inoculum  consisting  only  of  act- 
ively motile  cells  produced  a shorter  growth  cycle,  The  motilt  cells  at  the 
surfaos  of  the  oulture  were  concentrated  by  carefully  decanting  the  top  layer 
of  the  culture  into  a sterile  500  or  1000  ml  cylinder  or  aspirator  bottle . 
ths  most  sotivo  cslls  again  rapidly  swam  to  the  surface  of  the  liquid.  When 
a small  voliwm  of  highly  concentrated  motile  cells  was  desired,  the  lower 
layer  of  the  pooled  inoculum  in  the  cylinder  or  aspirator  bottle  was  slowly 
syphoned  off.  Total  cell  counts  were  made  on  all  cell  suspensions  used  as 
inocula.  When  a series  of  media  was  inoculated  the  pooled  Inoculum  was 
mixed  frequently  to  insure  the  transfer  of  equal  nvsnbers  of  cells  to  each  ex- 
perimental medium.  All  media  was  brought  to  17  C before  inoculating. 

The  effect  of  inoculum  sine  or.  growth,  in  different  volisnei  of  sea  water 
rnedim  was  studied,  A 16  or  20  per  cent  inoculum  was  superior  to  a 10  per 
cent  inoculum.  Increasing  the  inoculum  from  10  to  20  per  cent  approxi- 
mately doubled  the  cell  yield  in  50  ml  volumes  of  medium.  Increasing  the 
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inoculum 
of  ir.cub 

;ro~  16  to  2'Z  ;jrr 

s w_ or.  — • - - j - ■ j — -i 

cent  pave  _r.c 
volumes  c:  modi 

" ^ a s o 

l.  -3T* i • 

d vm® Ids  after  2^  aays 

The  summ triced  data  were: 

Exp-ri- 
me nt 

Volume  Inocul'ur. 
ml  p°r  cent 

Replicate 

cultures 

k 

Cells  per  ml  (thousands) 
lays  of  incubation 

7 9 12  la 

20 

1 

O 

o 

l/\ 

2 6.6 

n 

l7 

r'  ss  o r\ 

^ m 

1 r 

pu 

£ J-0 

u? 

2 

10CO  16 

3 1.6 

w • 

5 11  19 

25 

1000  20 

3 5.2 

12 

15  17 

33 

A 16  per 

cent  inoculum  (1 

volume  of  inoc, 

ulum 

into  6 volumes  of  medium)  was 

selected  for  routine  use. 


b.  CULTURE  VESSELS 

All  cultures  vers  incubated  at  l7  C either  in  a constant  temperature 
laboratory  or  a water  bath,  A variety  of  culture  vessels  wee  used  with 
different  volumes  of  mediat  5 or  10  ml  volumes  of  culture  vers  incubated 
in  18  m test  tubes,  50  or  100  ml  in  250  ml  Srlemeyer  flasks,  100  ml  in 
500  ml  Trlsmeyer  flasks  or  in  2,5  liter  low  form,  culture  flasks,  200  or 
600  ml  in  1 liter  beakers,  and  3.5  to  11,5  liters  in  20  liter  bottles.  All 
glassware  was  pyrex,  The  cultures  in  test  tubes  or  flaske  were  usually 
dosed  with  cotton  plugs , although  aluminum  or  glass  caps  were  sometimes 
used,  Vatoh  glasses  or  sheets  of  cellophane  were  used  on  beakers, 


c,  ILL  LKI  NATION 


(1)  Souroa  and  Intensity 


vide 


0 cStAuffll*  requires  illirainition  for 
d”a  convenient  source  of  illuaii notion 


growth.  Fluorescent 
and  was  used  exclusive 


light  pro- 

ly.  Cul- 


tures in  test  tubes  gave  similar  growth  when  illuminated  by  a ny  of  the 
following  methods!  (1)  in  air  at  17  C,  1 inch  above  three  10-watt  tubesj 
(2)  in  an  8 inch  round  water  bath  aurro'unded  by  & 32-watt  Circline  tube  j 
or  (3)  in  a 20  by  38  inch  water  bath  0,5  to  1 inch  above  a submerged  20 
watt  tube,  Method  (1)  gave  an  illumination  intensity  of  approximately 
1000  foot-candles  and  methods  (2)  and  (3)  gave  approximately  300  foot- 
candles,  Oooc  growth,  was  obtained  in  larger  volumes  of  culture  illuminated 
by  fluorescent  lights  placed  above,  beneath  or  beside  the  cultures.  Cul- 


tures in  flasks  and  beakers  were  usually  incubated  or,  shelve s covered  with 
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11 


i 

t 


c lur.inur.  foil  1 foot  tel? 
candles) . Cultures 
upright  position  let 
position  (1)  betw<= 
two  lo-vatt  tubas  at  each  side 


three  X-watt  tubes  'light  intensity  of  1X0  f oct- 
ane 2'j  lit^r  bottles  were  incubated  in  either  an 


;n  2 sets  of  three  uf-watt  tubes  or  in  a horizontal 
2 sets  of  tores  uO-watt  tubes  or  (2)  with  a sat  of 

the  bottle  and  one  15-watt  tube  below  the 


bottle.  Ti°lds  of  U2 , OCO  to  5"- 000  cells  per  ml  were  obtained  in  sea  water 
medi'um  cultures  in  test  tubes  and  flasks  incubated  under  a variety  of  illumi- 
nation conditions,  indicating  that  illumination  was  not  a limiting  factor  in 
the  artificial  cultivation  of  0 catanelia. 


(?)  Continuous  and  Intermittent  Illumination 

Growth  y.V!  compared  in  test  tube  cultures  in  sea  water  media  exposed 
to  oontinuoun'  .lluninaticn  or  to  intermittent  illumination  (16  hours  of 
illumination  followed  by  8 hours  of  darkness).  Cultures  grown  with  con- 
tinuous illumination  gave  larger  11-day  yields  than  the  corresponding 
cultures  receiving  intermittent  illumination. 


Medium 

~xp. 

»Ot 

Cells  p-r 
Continuous 

ml/{ thousands) 

Intermittent 

Set  water 

1 

7? 

31 

2 

53 

25 

- 

3 

51 

38 

Sea  water  without 

h 

35 

18 

hoil  extract 

5 

33 

26 

The  rate  of  contaminant  growth  was  not  reduced  by  intermittent  illumination} 
therefore,  continuous  inclination  was  advantageous  for  the  artificial  cul- 
tivation of  0 catanelia. 


(3)  I lived  nation  Through  a Water  filter  — - 

Kn  indication  that  artificial  light  contains  wavs  lengths  detriisental 
to  G oa tan*  11  a lsd  the  California  workers  to  us#  a water  filter  between  thi 
culture  and  the  light  source*  This  requirement  wa§  not  confirmed  by  experi- 
ment# in  the  present  work*  Test  tubas  containing  5 ml  of  culture  were 
inoubatsd  1 inch  above  a 15-vatt  fluorescent  light.  Cultures  illuminated 
by  direct  fluorescent  light  gave  an  average  yield  of  1*3,000  cells  per  ml 
compared  to  u2,CX  cells  per  al  in  cultures  illuminated  through  1 inch  of 
water.  Similar  results  were  obtained  with  3 liter  vol\**es  of  culture  incu- 
bated in  jara  between  fluorescent  lights.  One  jar  of  culture  wa»  placed 
in  a jar  2 inches  larger  in  diameter  and  the  annular  space  was  filled  with 
water  to  provide  the  filter.  This  culture  gave  6 and  11  day  cell  yields 
of  5,000  and  13,000  cells  per  ml.  ar.d  a 6 day  poison  yield  of  0,01*  HU  per 
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- q.  , “he  correspond!  ng  yields  ir.  *v'.^  cor.tr;'.  culture  were  ' 1 003  and 
cells  :°r  ril,  art  1>  15  K’J  p~r  ml. 

(0  Penetration  of  Light  into  Cultures 


»a 


A study  of  u cafane-. ua  tr c w . 
of  medium.  was  na-e  by  preparing  s 
liter  beakers.  One  set  contained  200  ml  each. 
2.5  cm),  the  other  set  contained  600  ml  each 
7 


beakero  containing  different  decths 


water  medium 

f 


in  2 duplicate  sets  of  1 
medium  (culture  depth  of 
euiur.  (culture  depth  of 

cm),  One  of  the  duplicate  cult'^ces  of  each  set  was  covered  with  a 
watch  glass,  and  the  other  with  a sheet  of  cellophane.  The  cultures  ’were 
incubated  under  three  liC-watt  fluoresoent  lights.  Although  the  cell  counts 
of  all  the  cultures  were  similar  after  i days  of  incubation,  better  poison 
yields  were  obtained  in  the  shallow  cultures.  The  poison  yields  in  the 
cultures  illuminated  through  glass  were  twice  those  of  the  corresponding 
cultures  illuminated  through  cellophane,  suggesting  that  detrimental  wave 
lengths  of  fluorescent  light  penetrated  the  cellophane. 


i 

Culture 

..  .Ml 

Celle  per  ml  (thousands) 
Class  Cellophane 

HU  per  ml 

Glass  Cellophane 

■ 

7 

18 

19 

0.22 

0.11 

• 

2.5 

19 

25 

0.5? 

0.25 

Additional  evidence  was  obtained  for  the  cellophane  effect  by  suboulturing 
samples  of  thi  shallow  cultures  into  duplioate  50C  ml  volurwB  of  sea  water 
ratdlvR  in  2 liter  beakers.  A as o end  eube^xlture  was  made  in  a siailtr  man- 
ner from  thi*  subculture  after  7 dayi  of  incubation.  The  nell  and  poieon 
yields  after  inoubating  the  first  subculture  for  7 days  and  the  sscond  i^b- 
ouitwe  far  ? aijm  wet 


Cover 

Cells  per  ml 
( thousands) 
Subculture 
1 2 

MU  per  *1 

Subculture 

1 

2 

Glass 

9 

30 

0.19 

0.30 

Gallop hane 

16 

26 

0.18 

0.15 

The  second  subculture  again  yielded  one  half  as  much  poison  when  illurd- 
r.ated  through  cellophane,  indicating  that  short  wan  lengths  cf  light  which 
pwsre traded  cellophane  but  not  glass  reduced  pjison  synthesis  or  poison 
stability. 

(5)  Wave  Length 
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. * *f“f eoti v s 
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wave  1 
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^ • ■ a ~ ■ 

s was  o 

ompnr-d  :y 

ir.cutat 

•ir.2  duplican 

m ~ ^ T vcT 

"~r  s - : 

(3  U - 'IT  * 

ea  0, 

- ir.ch* 

s above 

differ* 

r.t  colored  f 

lucre  too  -.t 

1 Lf?'r.~: 

: • The  re 

S 'J.1  T c 

^ r s . 

* 3CT  ® T 1 

rent  per- 

f erred 

with  2 diffe 

rent  media 

■under 

identical 

c or.di 

tic  ns 

showed 

equal 

growth 

•with  whit”, 

r*d  or  pro 

en  ligr 

' t , Blue 

light 

suppo 

rted  he 

tier  prrwh 

in  sea 

water  medium 

and  less 

growth 

in  the  ar 

3.1.  TS 

• IV*  « 

Color 

Intens: 

ty  V 

Cell 

s per 

ml  (th 

ousands) 

( foot-  card 

lfls) 

sea  w 

"v* 

di  S'. 

ar 

tifioial  medi 

white  ( 

control) 

1000 

19 

21 

red 

50 

17 

21 

green 

575 

1? 

19 

blue 

500 

32 

12 

The  affect  of  illuminating  culture*  with  mixed  white,  red,  and  blue  fluor- 
escent light  was  studied.  Three  1,200  ml  cultures  were  incubated  between 
two  seta  of  3 white  fluorescent  tubes  and  3 sriab.lsr  oulturae  were  incubated 
between  1 aets  of  lights,  each  containing  a White,  a red,  and  t blue  flucrr- 
eaoent  tube.  After  10  day*  of  incubation  the  following  growth  and  poison 
yields  ware  obtained! 


Illumination 

Celle  pmr  sil 
( thousand*) 

MU  per  flO. 
(pooled  oultures) 

white 

13,  12,  11 

0.13 

mixed 

10,  10,  11 

0.26 

(6)  Growth  with  Natural  111  wti  nation 


Studies  on  the  utilization  of  aunlight  as  a source  of  illttii nation  for 
Q catanaUa  wars  delayed  by  the  lack  of  equipment  to  maintain  17  0 growth 
temperature  for  greenhouse  or  outdoor  cultivation.  for  example,  the  death 
of  0 oatanella  cultures,  which  were  incubated  in  a frsanhouss  in  January 
195?,  vu  Vs  Tiered  to  be  attributable  to  fluctuating  temperatures  which 
ranged  fron  27  to  30  C at  mid-day  to  13  to  18  C at  night,  However,  the 
possibility  of  incubation  with  indirset  sunlight  was  inrestigatgd  after 
cultures  of  0 catanella  remained  viable  for  severs!  weeks  when  placed  st 
room  temperature  in  a north  window  of  the  laboratory,  Duplicate  2,5  liter 
low  form  culture  flasks  containing  Too  ml  of  sea  water  median  were  incu- 
bated at  a north  window  which  received  approximately  10  hours  of  indirect 
sunlight  per  day.  Control  cultures  were  incubated  at  17  C with  continuous 
fluorescent  illumination  (1000  foot-candles),  A continuous  record  of  the 
tin  temperature  around  the  flasks  incubated  at  room  temperature  showed 
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t ii.  _ y u c ^ u s - 1 c n s r ct. ^ r. £ i t t c .*.  a _>  i r. 

2 7 " in  the  late'  afternoon.  Th°  average  oeli 
t '.ur  “ 3 incubates  at  rocn  ter  re  rat  art 


n •1  *a ■<*  - a ■» a 

4-1  * w 

se iis  oer  ”1 


>.tt  T'-'l 





-o  2,, 


after  11  nays  of  incubation. 

- X t Z-.'y 


Thr  decr??.s;.r..~  *<■  ii  ccur.us  ;;e;  c .'"fatly  caused  i 
growth  which  was  favored  by  v e higher  incubation 
growth  ray  he  pcssitl*  it.  -«dta  c'-nt-.iniog  ar.tabi 
lin  sulfate  or  strep  to chrxcin)  to  inhibit  sere  o 
artificial  xllunl  nation  of  the  cult'ure  during  the 
favor  growth  of  Q catanella, 


r.  ;.~rt  by  conta.tir.ant 
tern  ?.  fare . Improved 

\rwv 

f the  contsrdnants,  or  hy 
dark  period  oi  tne  day  to 


d,  TEMPERATURE 


Growth  periods  in  excess  of  2 we*ks  were  often  required  to  obtain 
rtaxinran  cell  yields  of  Q cataaalla  at  the  standard  17  C incubation  tem- 
perature. Elevating  the  TncuFaTT on  temperature  did  not  shorten  the  la® 
period  of  growth.  Two  constant  tempei  ature  water  baths,  each  illuninited 
with  a 32-watt  cireline  fltaefeieent  tube,  wwrs  used  to  inctfcate  duplicate 
test  tdbe  cultures.  Mptrlte  experiments  vers  conducted  to  compare  prenrth 
at  17  C with  growth  it  20  and  22  C.  fc’ter  1?  Incvteation  the  following 
results  were  obtained!  - • - ~ - - 


Tswcerstura 

(c) 

Celle  per 
4ei  water  medical 

‘.•T'-BJ'W  • -1  E*WJ.  _^nr  - - 

HI  ( thfluaandi/ 

Artificial  media* 

17 

69 

h 

22 

16 

u 

17 

V 

S ~ 

20 

u 

i 

- 

: - 

The  lower  cell  yields  and  ths  tehdlney  fd#  ddrtlttdftaiing  bacteria  to  gre* 
more  rapidly  at  22  C indicated  that  a 5 t lliettioh  of  temper  at\Srt  was 
undetirsble,  Growth  in  tea  water  mdiw  at  2o  u was  t^uai  to  that  at  17 

Ci  but  G catanaiia  did  not  tolerate  i sC  " incubation  t«vuHr*V'itf5  in  the 

artificriThi'Sf-an. 


I.  CRCMTtt  IS  AElATSE  C17.TCWES 

■ - — — ■*-  - . ..  . *■  *v  - 


0 

turee~e 

dium. 


cairns  11a  cells  showed  a tamfenoy  to  svUa  to  the  surface  of  cul- 
ven  though  the  density  of  the  cells  vac  greater  than  that  of  the  me- 
This  behavior  in  cultures  incubated  above  fluorescent  lights  (contrary 
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the  excec  V-c  c'.oc:  tropic  respond , surges  *.«d  that  the  aeration  Ir.  the 
underlying:  ~.*di  jt.  va  • ir.adecuate.  Att*r.pts  w^re  nade  to  aerate  cultures 
by  using  a glass  sparger  or  a -agnatic  stirrer,  A static  culture  was  in- 
cubated as  a contra-  ir.  each  experi-sent.  The  results  with  1.2  tuvd  1,65 
liters  o:  culture  in  2 liter  beax*=rs  (experiments  1 and  2)  and  with  5*8 
liters  of  r.ediar*.  in  10  liter  bottles  or  in  7 liter  jars  ( experiments  5 and 
L)  were i 


Aeration 

i 

Cells  per  si 
Jxp.  2 

( thousand*) 

- J^E.  3 . 

: a»7* 

1$  aay* 

7 a aye  16  day* 

u days  10  daye 

9 *3  aye 

nortf 

11 

15 

18 

27 

it  10 

10 

eparger 

13 

2k 

17 

19 

8 7 

6 

•tirrer 

13 

21 

18 

29 

7 9 

13 

Only  alight  difference*  in  growth  wire  observed.  and  neither  aeration 
ftfthod  conirist*fitly  improved  yield*.  Being  a tparfer  %a  aerate  11, $ liter 
volwfci  of  oultrure  in  20  liter  bottle#  likewiM  foiled  te  iaprore  growth 
•ijfd/ioantly.  Aeration  b f worn  of  a rotating  fersentor  vu  aere  eudoata- 
ful  ond  ii  diMUHi  later  in  thia  report, 


Tier 


U* 


^iasslu 


i.  HU  VAT®  MfcDZA 

lli  ftanderd  Mi  Viter  K*di*i 


4 ati  b*Wt  deVilipad  by  the  lore  litigator*  at  tit  Bniweity  if 

OalifwtUi  eerttd  m tie  *Und*rt  hi  veter  fmtim  in  tfctea  AareiUgiUcr*. 
the  eotyeeitioft  or  title  s§4i\*.  vest 


iuWdlaVwd  iU  Viter 

•>1  1 U^MlI 

**  w m * ^ 'i*  * ••  w % 


r?,i  per  oeot 

^ A ii  !■■>—  e«a4 
wlue 

190  Ag  per  liter 
10  as  per  liter 
1 eg  per  liter 
0*005  eg  per  liter 


The  eta  water  »m  collected,  autoclaved,  and  tiered  at  row  temperature  in 
pyrex  bottle,  Soil  extract  was  prepared  by  st-e  awing  a euepenaloc  of 


•ssuira  *bll  in  distilled  water  \0.%  gw  per  si)  for  1 


and  filtering 
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t'  .r  supernatant  liquid  through  a i/u  inch  layer  c'-l  t>-  r:  a Buu'nr.'-: 
f-.r,'';,  Tr.e  extract  was  autoclaved  and  stored  at  5 C.  Th*-  complete 
medium  was  autoclaved  and  cooled  to  17  C before  inoculation.  So  a water 
■tedium  was  used  to  carry  the  stock  culture  and  to  supply  standard  inoculum 
cultures  for  the  experimental  studies.  Modifications  of  the  sea  water 
medium  were  tested  and  are  discussed  i..  t !,a  following  sections  of  this  re- 
port. 

(2)  Source  of  Sea  Water 


Satisfactory  growth  of  G catanella  was  obtained  in  sea  water  medium 


prepared  with  Atlantic  oi  Pacific sea  water  or 


lected  at  different  depths  antdi.at-.nces  from  the  shore.  Through  the  coop- 
eration of  the  Navy,  200  gal.  of  sea  water  was  collected  in  Juuy  1951  from 
the  Atlantic  Ocean  off  the  coast  of  Virginia  Beaoh,  Virginia,  at  different 


depths  from  the  open  sea  and  near  the  shore.  The  following  cell  yields  in 
5 ml  volumes  of  sea  water  medium  prepared  with  samples  of  this  collection 
were  obtained  after  ll*  days  of  incubation; 


Sea  Water 


Cells  per  ml  (thousands) 


9 miles  out,  surface  water  32 
9 miles  out,  6 feet  below  the  surface  33 
9 miles  out,  12  feat  below  the  surfaoa  27 
1 mils  out,  6 feet  below  the  surface  35 
In  bay,  ebb  tide,  3 feet  below  the  surface  1*2 


The  results  show  satisfactory  growth  with  eaoh  of  the  sea  water  sanples. 

(3)  The  Effect  of  Soil  Extraot 

The  effect  of  omitting  the  marine  soil  extract  from  sea  water  medium 
was  investigated  as  a possible  means  of  expediting  the  large  scale  produc- 
tion of  3 catanella  poison.  A preliminary  experiment  showed  equal  growth 
of  0 catanella.  by  visual  estimation,  in  the  first  passage  in  sea  water 
medium  and  in  see  water  medium  without  soil  extract.  The  inoculum  was 
grown  in  sea  water  mediuE.  In  a ssoo.id  experiment,  growth  was  determined 
by  dipfflt  o«ll  oounta.  After  2 passages  in  sea  water  meaium  without  soil 
extract  neither  the  normal  cell  yield  of  20, OCX)  to  1*0,000  cells  per  ml 

after  7 to  ll*  day*  of  incubation  nor  the  normal  poison  yield  of  0,2  to  0.3 

KU  per  ml  wae  diminished.  However,  repeated  passage  through  the  medium 
without  soil  extract  resulted  in  the  reduction  of  cell  yields  to  10,000  to 
20,000  cells  per  ml  and  in  the  reduction  of  poison  yield  to  0,1  to  0.2  MU 

per  ml.  The  number  of  G catanella  cells  linked  in  chains  was  reduced 

from  a maximum  of  1*  cells  per  chain  to  a maximum  of  2 cells  per  chain  with 
a preponderance  of  single  cells.  Extracts  of  soils  from  various  sources 
were  tested  for  stimulative  effects  on  these  soil  extract-depleted  cells. 
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Improved  growth  was  obto 
and  rivor  soils  ns  well 
of  the  extracts  varied, 
substitutes  for  marine  r 
lowing  datas 


1 : £•  d with  the  standard  volume  of  extracts  of  garden 
as  with  marine  soils,  although  the  solids  content 
River  sediment  and  garden  soil  were  satisfactory 
.ud  as  a source  of  soil  extract  as  shown  by  the  fol- 


Source 

Per  cent  solids 

Cells  per  ml 

in  medium 

(thousands) 

no  soil  . 

Pacific  mud,  ' tideland  area 

0 

36 

0.0182 

63 

Pacific  mud,  mouth  of  fresh 

water  stream 

0.032 

6o 

Pacific  mud,  sewage  contamination 

0.0186 

41 

Pdver  sediment2) 
Garden  soil^) 

0.0014 

0.0014 

73 

53 

1)  The  Pacific  muds  were  collected  by  R.  E.  Mills  of  Projjct  W- 19-064-01251. 


2)  The  river  sediment  was  obtained  from  the  Monooacy  Pviver  at  the  inlet  to 
the  Camp  Detrick  filtratior  plant  with  the  assistance  of  personnel  of 
the  Facilities  Divisi  ©n. 

3)  Local  garden  soil  rich  in  organic  matter. 


(Li)  Utilization  of  Nitrate  and  Phosphate 


Quantitative  determinations  of  inorganic  phosphate  and  nitrate  in  freshly 
inoculated  sea  water  median  and  in  a culture  filtrate  showed  the  removal  of 
these  nutrients  from  the  median  during  growth.  A direct  correlation  between 
the  increase  in  cells  per  ml  and  the  decrease  in  nutrients  was  found  when 
quantitative  determinations  of  the  soluble  inorganic  phosphorus,  total  phos- 
phorus and  nitrate  nitrogen  in  cultures  were  performed  at  intervals  during 
a 2-week  growth  period.  Duplicate  60  ml  volunes  of  sea  water  median  without 
soil  extract  in  250  ml  Erlenmeyer  flasks  were  Inoculated  with  10  ml  each  of 
■ea  water  inoculum.  A 10  mi  sample  was  reroved  from  each  flask  and  filtered 

d 4 V\  + « -*r\  <4  m m m 4*  v*  m anml  m • ^ae  ♦ Wa  4 44  *1  iraluae  k A A * f 4 

• • ■•••  ***  w « (j*  wh  «v  [j*  ' » » w**vj  ana  W ^ ■>  a f w • nwvij.  vxwi 

10  ml  samples  were  removed  after  4,  8 and  i4  days  and  treated  as  the  initial 
samples.  The  following  averaged  results  were  obtained* 


Incubation 

(days) 

Colls  per  ml 
( thousands) 

Total  P 

Inorganic  P 

Cm  *1) 

Nitrate  N 
(M  P «r  ml) 

0 

4.6 

2.4 

2 

15.7- 

4 . 

12 

1.0 

l 

10.7 

8 

12 

0.9 

0.9 

8.5 

14 

25 

0.5 

0.5 

5.3 
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The  correlation  het ween  tbr  ce'j.1  yields  an: 
ent  rembv-’d  iron  the  "i^diun  indicated  that 
phosphate  and  nitrate  night  be  reached  wit: 
the  effect  of  increasing  the  phosphate  ar.n 
medium  was  studied. 


1 the  -urn  our. t of  inorganic  nutr 
limiting  concentrations  of 
, continuing  growth}  therefore 
nitrate  concentrations  in  the 


Supplementing  the  phospnate  concentration  of  sea  water  medium  with- 
out soil  extract  during  growth  did  not  increase  cell  yields  of  0 cata.nella. 
After  8 days  of  incubation,  8,1:00  ceils  per  ml  were  present  and~app~roxi - 
mately  50  per  cent  of  the  initial  inorganic  phosphate  remained  in  the  medium. 
At  this  time  the  phosphate  concentration  of  half  of  the  cultures  was  restored 
to  the  initial  level.  After  l 5 and  iy  days  i incubation  8,900  to  10,600 
cells  per  ml  were  present  in  the  non-supplemented  cultures  and  9,700  to 
10,h00  cells  per  ml  in  the  supplemented  cultures.  There  was  no  further  de- 
crease in  the  total  inorganic  phosphate  concentration  in  any  of  the  cultures 
after  15  or  19  days.  The  inoculum  for  this  experiment  was  grown  in  sea  water 
medium  without  Boil  extract  and  the  low  yields  in  all  cultures  may  have  been 
due  to  the  effects  of  soil  extract  depletion. 

The  cell  yields  of  0 catanella  in  sea  water  media  containing  different 
amounts  of  nitrate  increased  with  increased  nitrate  concentrations  up  to 
0,03.5  per  cent  KNO3.  Further  increases  in  nitrate  concentration  had  little 
effect  on  growth.  The  average  yields  in  triplicate  flasks  containing  100 
ml  volumes  of  ^radium  containing  0 to.  0.025  p*r  cent  KNO3  were? 


Cells  per  ml  (thousands) 

Per  cent  KNO3  Experiment  1 Experiment  2 

7 days  1U  day*  7 days  Ih  day* 


0 

10 

6 

0.0025 

17 

18 

0.005 

22 

37 

0,01  (control) 

21 

57 

9 

39 

0.012 

Hi 

36 

0.015 

22 

63 

7 

1*5 

0,02 

13 

63 

0.025 

13 

51 

The  amall  increase  in  the  lii  day  yields  obtained  by  increasing  the  KNO3 
concentration  from  0,01  to  0,015  per  cent  was  consistent  in  additional 
experiments  and  this  modified  mediir,  was  used  in  soma  of  the  following 
investigations. 

(5)  The  Effect  of  Varying  the  Iron  Concentration 

■ The  concentration  of  FeCl3  in  the  sea  water  mediurt  was  1 ug  per  ml, 
A preliminary  experiment  testing  smaller  concentrations  of  FeClj  showed 
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improved  1 1:  nay  cell  and  poise:;  yields  ir.  a medium  co  main!  tic  0.2b’  p-g 
FeCl^  per  ml  and  a soil  extract  prepared  from.  local  garden  soil.  The 
experiment  was  repeated  using  a washed  cell  inoculum  tc  reduce  the  carry- 
over of  FeCl<  which  nay  ’nave  influenced  growth  in  the  low  iron  media. 

The  effect  of  adding  0.01  per  cent  of  the  metal  binding  agent  ethylene- 
diamine  tetraacetate  (EDTA)  was  also  studied.  Duplicate  100  ml  volumes 
of  each  medium  in  500  ml  Erlenmeyer  fla3ks  were  inoculated  with  a sea 
water  suspension  of  cells  which  had  been  collected  on  coarse  filter  paper 
and  washed  with  sturile  sna  water.  The  rate  of  growth  wan  reduced  with  the 
washed  inoculum,  especially  in  tubes  containing  the  lower  amounts  of  FeClj. 
After  li;  days  of  incubation  the  highest  cell  yield  was  found  in  the  control 
medium,  and  the  yield  decreased  as  the  amount  of  iron  decreased.  The  addi- 
tion of  EDTA  improved  growth  in  all  of  the  media;  the  improvement  being  more 
pronounced  after  21  days  of  incubation! 


FeClj 

pg/ml 

11*  days 

0%  EDTA 

Cells 

0.01$  EDTA 

per  mi  (thousands) 

. 21  daye 

0$  EDTA 

0.01$  EDTA 

i 

0 

3.5 

12 

53  ' 

0.001 

3.8 

7.1* 

0*01 

ii*8 

7.2 

0.05 

U.l 

0.125 

5.8 

9.5 

16 

0.25 

U.3 

12 

51* 

0.5 

U«  8 

22 

63 

0.7 

6.5 

30 

11 

70 

1.0  (control) 

37 

31* 

58 

724 

The  effect  of  higher  concentrations  of  FeCl^  was  studied  in  another  experi- 
ment, A modified  sea  water  medium  (0.015  per  cent  KNO3)  was  used  with  iron 
concentrations  ranging  from  0,5  to  6 pg  FeCl3  per  ml,  A duplicate  set  of 
media  containing  0,01  p<»r  cent  EDTA  was  also  prepared.  All  the  media  gave 
similar  7 day  yields.  After  lU  days  of  incubation  the  highest  yields  were 
obtained  in  media  containing  EDTA  and  1.5  and  2 pg  FeCl3  per  ml  as  shewn  by 
the  following  datai 


0%  EDTA 


Cells  per  ml  (thousands) 

0.01*  EDTA 


o.5 

1.0 
1.3 
1.5 

1.7 

2.0 


29 

1*0 

30 

15 

37 

31 

55 

30 

mU 
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FbCj.  -3 
Pg/rl 

, Cello  mi  ( thousands) 

i\if  t nc,  *.  - ' * /'.m  rf  TTT\-'Ti*. 

LTa;  X ft  ilaJx/i 

« r* 

2i 

4.0 

37 

6.0 

U6 

These  experiments  showed  that  sea  water  nediun  was  improved  by  increasing 
the  iron  content  and  by  adding  0.01  per  cent  EDTA. 


(6)  The  Effect  of  Adding  Culture  Preparations 

Q catanella  culture  filtrates  or  autoclaved  whole  G catanella  cultures 
were  ad  dec?  to  sea  water  media.  Duplicate  cultures  grown  in  sea  water  media 
for  2 weeks  were  filtered  through  coarse  filter  paper  and  added  to  sea  water 
media  immediately  before  autoclaving.  The  early  growth  of  G catanella  was 
improved! 


Filtrate 

Cells  per  ml  (thous-unds) 

5 days 

8 days 

lu  days 

None 

6.6 

13 

82 

10*  filtrate 

8.7,  12 

21*,  27 

61,  75 

Growth  was  not  further  improved  by  increasing  the  concentration  of  the 
filtrate  in  the  medium  to  20  per  cent.  Increasing  the  filtrate  concentra- 
tion above  20  per  cent  often  reduced  the  cell  counts,  The  audition  of  0 
catanella  culture  filtrates  which  were  cloudy  with  bacterial  growth  after 
storage  at  5 C,  or  of  autoclaved  whole  G oatanella  culture  to  sea  water 
medium  or  sea  water  medium  containing  oToi5  per  cent  KNO3  produced  little 
or  no  change  in  the  cell  count,  Increasing  the  concentration  of  the  fil- 
trate or  autoclaved  oulture  in  the  medium  did  not  improve  growth. 


Suapenaiona  of  a killed  mixed  bacterial  culture  isolated  from  the 
G Qatanslla  culture  and  auued.  to  sea  water  medium  gave  improved  growth  of 
2 catanella.  The  7-day  yields  in  control  cultures  and  in  cultures  supple- 
ment* i with  10  or  20  per  cont  of  the  suspension  were  5.300,  11,000  and 
12.000  cells  per  ml  respectively.  To  determine  whether  one  type  of  con- 
tanimant  was  responsible  for  this  growth  improvement,  sea  water  suspen- 
sions of  smooth  colony  types,  rough  colony  types,  and  a mixture  of  rough 
and  smooth  types  were  added  separately  in  10  or  20  per  cent  concentrations 
to  sea  water  medium  obtaining  0.015  per  cent  KJJC3  before  autoclaving.  There 
was  no  difference  in  cell  counts  after  7 daysj  however,  improvement  in  the 
presence  of  20  per  cent  smooth  type  and  fcjth  10  and  20  per  cent  mixed  culture 
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suspension  was  noted  after  la  days 


inoutati  or 


Contaminant  added  to  the 
medium  before  autoclaving 

Cells  p^r  ml 
7 days 

( thousands) 

la  nays 

None 

11 

30 

10#  rough 

12 

22 

20%  rough 

9.5 

36 

10#  smooth 

13 

33- 

20#  smooth 

13 

U5 

10#  nixed 

8 

38 

20#  nixed 

7.U 

L? 

To  determine  whether  traces  of  protein  from  the  bacterial  nediur  influenced 
the  cell  counts,  0,005  and  0.05  per  cent  of  Bacto-peptone  and  pink  salmon 
viscera  meal  (both  of  which  were  present  in  the  agar  medium  used  to  cultivate 
the  bacteria)  were  added  separately  to  the  modified  sea  water  medium. 

Neither  peptone  nor  fish  meal  altered  the  cell  counts. 

(?)  The  Effect  of  Acids 

Cultures  of  0 catanella  in  sea  water  medium  remained  at  pH  8 during 
growth.  Sinoe  solutions  of  shellfish  poison  are  unstable  at  an  alkaline 
pH,  attempts  were  made  to  grow  G catanella  in  acidified  media  to  reduce 
possible  poison  destruction  durTng  the  long  growth  period.  Acetic  acid 
was  added  to  duplicate  20  ml  volumes  of  medium  in  12$  ml  Erltrsmeyer  flasks 
to  adjust  the  medium  to  pH  ?,  6 and  5.  A riae  in  pH  occurred  when  the 
acidified  media  were  autoclaved.  The  amount  of  added  acetic  acid,  the  pH 
and  the  12  day  cell  yields  werei 


0,1  N acetic  acid 
addsd  to  20  ml  of 
medium  (ml) 

„ pn 

Bsfors 

autoclaving 

of  mediwi 

After 

autoclaving 

Colls  per  ml 
{ thousands) 
12  days 

0 

7.9 

8 

26 

V.U4 

f 

Q 

W 

) . 

0.25 

6 

8 

u$ 

0.29 

5 

5.3 

no  growth 

Growth,  stimulation  occurred  in  the  medium  adjusted  to  pH  6.  Cell  and  poison 
yields  in  media  adjusted  to  pH  6 wir.h  acetic,  hydrochloric,  or  sulfuric  acid 
were  compared  to  determine  whether  the  improved  growth  was  due  to  a nutri- 
tional response  to  acetate  or  to  the  presence  of  acid  during  autoclaving. 

The  pH  of  these  media  after  autoclaving  was  8.  The  following  cell  and  poison 
yields  were  obtained  in  U successive  7 -day  passages  in  each  medium! 
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added 


( thousands) 
passage 
2 3 i 


None 

33 

19 

22 

31 

Os  95 

u ■ 1 0 

0.19 

0.15 

Acetic 

36 

U ■' 

7 2 

r.  A*; 

'S  9 ^ 

0.61 

0.21 

0.29 

HC1 

60 

37 

35 

29 

0.75 

0.65 

0.21 

0.15 

H2S0i, 

L3 

37 

33 

2e 

0.1*9 

0.37 

0.20 

0.11 

No  medium  consistently  gave  superior  cell  and  poison  yields.  The  outgrowth 
of  contaminants  in  acetic  acid  treated  media  may  have  interfered  with  the 
stimulatory  effects  of  acetic  acid  on  Q catanella. 

(8)  The  Effect  of  Organic  Nutrients 

The  effect  of  organic  nutrients  on  the  growth  of  G catanella  in  sea 
water  medium  was  obscured  by  the  outgrowth  of  contaminants  present  in  the 
stook  culture.  Addition  of  polymyxin  B reduced  contaminant  growth  and 
improved  the  yields  of  0 catanella  in  the  control  and  supplemented  media. 

The  nutrients  were  tested  at  Oi'oi  per  cent  concentration  in  sea  water  medium 
and  in  sea  water  medium  containing  20  ug  of  polymyxin  B per  ml*  The  results 
of  the  experiment  are  shown  below.  Numbers  refer  to  yields  of  0 catanella 
in  thousands  c>f  oells  per  ml  and  the  + or  - signs  refer  to  the  extent  of 
visible  contaminant  growth  in  cuituresi 


Supplement 


Polymyxin,  Mg  per  ml 


None 

Autolyaed  yeast 
Olucose 

Casein  hydrolysate 
Sodium  acetate 
Sodium  citrate 


Uh  - 

53  + + 

39  ♦ ♦ 

3?  ♦ + ♦ 
U2  ♦ 

50  x 


Outgrowth  of  contaminants  was  observed  in  all  except  the  control  cultures. 
Greater  stimulation  of  0 catanella  occurred  with  polymyxin  alone  than  with 
any  polymyxin  plus  nutrient  combination.  It  was  probable  that  the  outgrowth 
of  contaminants  in  the  supplemented  cultures  interfered  with  the  potential 
stimulative  effects.  Raising  the  polymyxin  level  to  100  Mg  per  ml  did  not 
prevent  the  outgrowth  of  contaminants  in  similarly  supplemented  media. 
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(9) 


The  effect  of  Metal  3,  Rubber  Products,  Fla  sties 
Materials 


Other 


The  construction  of  equipment  for  the  production  of  G catanella  poison 
would  be  facilitated  by  the  use  of  metal  or  plastics  in  pTace  of  class  for 
culture  vessel?  and  culture  transfer  systems.  Materials  which  might  be 
used  in  the  fabrication  of  such  equipment  were  tested  for  effects  on  the 
growth  of  G catanella  by  adding  0.25  x 0.75  inch  specimens  to  duplicate  5 
ml  volumes~o£ ' sea  water  medium.  The  amount  of  growth  was  estimated  visu- 
ally after  13  days  and  is  reported  in  visual  growth  units  in  Table  1, 


The  cultures  to  which  galvanized  sheet  steel  was  added  produced  viable 
cells.  Sheet  steel  specimens  which  were  coated  with  either  Silicone  Fluid 
DC  200  or  DC  50  (Dow  Corning  Company)  nr  with  liquid  stainless  steel  (Slip 
On  Company),  likewise  prevented  growth,  although  the  latter  coating  greatly 
redueed  the  corrosion  of  sheet  steel  by  sea  water*  Plastic  fiber  glass 
(fiber  glass  reinforced  with  polyester  resin)  Tygon  tubing  and  rubber  pro- 
ducts also  inhibited  growth  completely.  Stainless  steel  fluid  polyethylene 
gave  slight  inhibition  of  growth,  but  cultures  containing  aluminum  or  Saran 
showed  growth  equal  to  that  of  the  control  cultures. 


The  metal  binding  agent  DDT A was  tested  as  a means  of  reducing  metal 
ion  toxicities,  whioh  were  believed  to  be  responsible  for  sons  of  the 
growth  inhibition  obaerved  in  the  above  experiment.  Growth  in  the  presence 
of  stainless  steel  or  polyethylene  was  equal  to  the  control  cultures  when 
0.01  per  cent  of  EDTA  was  added.  The  addition  of  0,01  and  0,05  per  cent  of 
EDTA  did  not  reduce  the  inhibition  by  galvanized  sheet  eta  el.  The  effect 
of  EDTA  on  the  inhibition  by  Tygon  and  rubber  products  was  not  determined, 


The  results  of  these  experiments  showed  that  aluminum  might  be  used  for 
culture  vessel  construction  and  that  stainless  steel  or  .polyethylene  would 
be  satisfactory  when  EDTA  was  included  in  the  medium.  Oalvanized  sheet 
steel  was  unsatisfactory  with  or  without  EDTA. 


A variety  of  materials  were  tested  singly  in  sea  water  medium  without 
soil  extract  for  a protective  effect  on  0 catanella  poison.  The  following 
materials  were  usedi  0,5  per  cent  of  eiTher  Tft-kfe  (ion  exohange  resin), 
soluble  starch,  dextrin,  or  gelatinj  0,01  per  cent  of  talc  or  ooarse  ohar- 
ooal  and  0,01,  0,0$  or  0.5  per  cent  of  celite,  finely  divided  charcoal  or 
agar.  There  was  no  growth  of  G catanella  in  the  presence  of  1R-U3,  starch, 


deXtrin  ot  gelatin. 


isrinant  growth  was  stimulated  in  the  media  eon. 


taining  starch,  dextrin  or  gelatin.  There  was  no  improvement  in  growth  or 
poison  production  of  0 catanella  in  media  containing  any  of  the  other 

substances,  *" 


(10)  The  Effect  of  Oases 


The  growth  of  G catanella  was  determined  in  sea  water  medium  under 
various  gas  environments , The  necessity  for  gas  exchange  was  shown  by  the 
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TABLE  1,  TTS  EFFECT  OF 
ELASTICS,  OR  L 
GROWTH  OF  GO  NY 

THE  ADD  I TIC!'  OF 
UB3ER  R CD UCIS  - . G 
AULAX  CATANELLA 

METALS, 

;;  ^inr 

IN  SEA 

WATER  KEDl'DlR 

Material  added  to  culture 

Growth 

(visual) 

First  passage 

Second 

passage 

ti  v a n 

No  EDTA 

n . m < 

s6ir 

None 

h 

7 

J 

3-U 

Sheet  steel,  galvanised 

0 

0* 

oa  . 

Aluminum 

i ! . 

u 

k 

Stainless  steel,  No.  }k7 

3 

3-u 

k 

Polyethylene,  sausage  tubing 

3 

3-1* 

k 

Saran,  eheet  plaetlo 

3-u 

Plastic  fib*?  glees 

0 

Tygon  tubing 

0 

Casket  rubber,  Gar lock  353 

0 

Buna  N rubber 

0 

Sheet  neoprene,  Carlook  8?90 

0 

Cura  rubber  tubing 

0 

These  culture*  were  inooulated  with  firat  passage  control  culture,  all 
other  second  passage  media  were  inooula ted  with  the  corresponding  first 
passage  culture 
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,7  • 
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a mixture 
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■ oxyg 
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* *« 

• ' > 

per  cent  n 

L :.r 

bund 

i im 

.4.  A A 

cull 

« kir  c 

z incubate 

A ■! 

i-*  A . 

n closed 

air 

r ■%  -r* 

air 

©nr 

iched  with 

carbon  di- 

. * w • 

It 

v;as 

nvi 

dent  that 

the 

effects 

absence  of  growth  in  tubes  which  we1 
inoculation.  Growth  was  net  initia- 
tures  was  replaced  with:  carbon  dioxide, 

pf*r  c°nt  carbon  dioxide  and  95  per  = 

1 per  cent  carton  dioxide,  16  ixr  c*nt 
Li’/.o'..’-3o.  :■:! y traces  of  growth  were  : 

Brew 'r  anaerobe  jar 3 containing 
oxide  to  a concentration  of  1.2  per  c< 
of  gases  could  not  be  studied  in  culture  systems  without  provisions  for  the 
replenishment-  and  removal  of  gas»-s.  Growth  was  obtained  when  a slow  stream 
of  air  or  carbon  dioxide  was  continuously  passed  over  the  surface  of  cul- 
tures j after  three  weeks  of  incubation  the  average  cell  yields  of  duplicate 
5 ml  cultures  were  13,000  and  2,300  cells  per  ml  respectively,  ?4o  growth 
occurred  in,  similar  cultures  treated  with  oxygen,.  Control  cultures  closed 
with  cotton  plugs  gave  15,000  cells  per  ml.  A similar  experiment  with  1.2 
liter  cultures  in  low  form  culture  flasks  showed  no  growth  with  5 per  cent 
carbon  dioxide  in’ nitrogen,  and  identical  yields  of  7,000  and  2,3,000  cells 
per  ml  after  17  and  2k  days  of  incubation  with  moving  or  static  air. 


The  results  of  these  experiments  shoved  that  air  was  superior  to  the 
other  gases  studied  in  supporting  the  growth  of  0 catanella  and  that  free 
diffusion  or  flow  of  air  was  essential  for  good  growth.  The  change  from 
pH  8 to  pH  6,3  and  5.3  of  cultures  exposed  to  the  carbon  dioxide  mixtures 
or  to  carbon  dioxide  may  account  for  the  inhibition  of  growth  in  these 
cultures.  The  correction  of  this  condition  would  permit  investigations  of 
carbon  dioxide  enriched  cultures  aa  superior  media  for  the  phntoeynthstio 
activities  of  Q catanella. 

(11)  Growth  In  Sea  Water  Medium  Containing 
0.015  per  cent  XNO3 

Growth  of  0 catanella  was  determined  at  frequent  intervals  during  a 
21  day  Incubation  period  m duplicate  500  ml  volume  a of  sea  water  medlun 
containing  0.015  per  cent  KNO3  in  Fembaoh  flasks,  using  a 10  per  cent  sea 
wat*r  inoculum.  Direct  cell  counts  on  3 or  k samples,  aid  cellular  car- 
bohydrate determinations  by  the  enthrone  method  were  made  after  each  incu- 
bation period.  The  cell  yields  (thousands  oer  ml)  and  the  carbohydrate 
yield*  expressed  as  the  optical  density  (00;  per  ml  for  the  2 cultures 
were  t 
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Days 

Incubate- a 

Culture 

Cells 

" 0D 

Culture 

Cells 

p 

~ OD 

0 

6 

6 

2 

6.5 

0.032 

6 

0.028 

5 

22 

.092 

18 

.070 

C. 

CO 

r\r\  '7 

/vm  Q 

u 

cL  & 

.U7  ' 

7 

27 

.132 

19 

.127 

9 

36 

.11*1* 

25 

.127 

10 

U6 

.160 

28 

.115 

13 

61* 

.169 

1*1* 

.122 

15 

71 

53 

17 

59 

.211 

1*7 

.171* 

21 

76 

,200 

hi 

.156 

The  cell  countg  and  optical  density  values  were  proportional  up  to  9 
day*  of  incubation,  After  9 days  of  incubation  the  two  methods  diverged 
with  leas  anthrone  color  per  call  than  during  early  growth.  Based  on 
cell  counts,  growth  in  sea  water  medium  containing  0.0015  per  cent  KNO3 
showed  a lag  period  of  approximately  2 days  followed  by  a period  of 
rapid  oell  multiplication  to  maximum  yields  aft er  15  daya  of  incubation. 


b,  ARTIFICIAL  SEA  WATER  MEDIA 

(1)  Lyman  and  naming  Medium 

ftrnwth  of  0 catanella  was  obtainad  in  Lyman  and  FlareiruA  artificial 
sea  water  supplemented  with  th<o  same  concentrations  of  inorganic  nutrients 
and  soil  extract  contained  in  uea  water  medium. 

Lyman  and  Fleming  artificial  sea  water  contains  the  following  per- 
centages of  inorganic  salts  dissolved  in  distilled  wateri 


1.  Jour.  Maritime  Res.  13L  (191*0), 
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V „ ^ ^ 

i \ rtw  X 

2 . 

NaHCOi 

0.013 

vgG12-6H20 

1.C6 

KBr 

0.0096 

Na^SOii 

0,33 

H3BO3 

SrCl2*6H20 

0.0026 

CaClp*  2H20 

0.15 

O.OO4 

KC1 

0.066 

*1  XA 

0. 000 j 

The  cell  yields  in  Lyman  and  Fleming  medium  with  sea  water  inoculum  were 
11, XO  and  19,000  cells  per  nl  in  two  experiments  compared  to  yields  of 
17,000  and  36,000  cells  per  ml  in  corresponding  sea  water  medium  cultures. 

Hie  cell  yields  in  5 successive  passages  in  Lyman  and  Fleming  medium  with- 
out soil  extract  were:  lv,OOOj  lJU, 000 j 12,030j  0,  0,  and  6,500  in  tripli- 
cate fourth  passage  cultures]  and  0 in  triplicate  fifth  passage  cultures. 

In  a serins  of  transfers  through  increasing  volumes  of  medium,  25  ml  of 
Lyman  and  Fleming  median  without  soil  extract  yielded  36,000  cell*  per  ml 
after  inoculation  with  10  ml  of  sea  water  culture  and  incubation  for  10  days. 
This  entire  culture  was  used  to  inoculate  175  ml  of  the  sane  medium,  which 
gave  9,600  cells  per  ml  after  16  days  of  incubation.  This  culture  was 
inoculated  into  1 liter  of  Lyman  and  Fleming  medium*  The  cell  yields  after 
9,  19  and  30  days  of  incubation  were  4,800,  6,200  and  H,700  cells  per  ml 
respectively. 

In  other  experiments,  the  poison  yields  from  first  passage  cultures  in 
Lyman  and  Fleming  media  were  equal  to  the  yields  in  control  sea  water  media. 
In  general,  Lyman  and  Fleming  medium  gave  satisfactory  growth  with  inocula 
grown  in  sea  water  media,  but  the  decreased  growth  on  sunaeaaivB  subculture 
indicated  that  it  could  not  be  used  exclusively  in  place  of  sea  water  media. 

(2)  Sea  Salt  Media 

The  difficulties  in  procuring  and  storing  sufficient  volumeu  of  sea 
water  for  the  production  of  0 eatanella  poison  led  to  further  attempts  to 
develop  satisfactory  artificial  sea  water  media.  An  artificial  sea  water 
mediwi  consisting  of  a solution  of  coamerclal  sea  salt  in  tap  water  supple- 
mented with  the  same  amounts  of  inorganic  nutrients  and  soil  extract  as 
used  in  sea  water  medium  gave  good  growth  with  a 15  per  cent  sea  water 
inoculum.  Experiments  were  conducted  to  determine  the  optimum  concentration 
of  sea  salt  in  this  medium  prepared  with  and  without  soil  extract.  The  cell 
yields  in  several  experiments  with  duplicate  5 ml  cultures  receiving  sea 
water  inocula  were: 
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Percentage  sea  salt 


Cells  per  ml  (thousands) 

Without  sell  extract  With  soil  extract 


1 

4 ■ 

43,  1? 

3.6 

30,  20 

28,  26 

3.2 

26 

1*5,  34  19 

3.0 

8.7 

2.1* 

19 

1*0 

2.0 

4 7 

1.0 

5.0 

Sea  water  medium  control 

24  25 

38,  36,  72 

The  medium  containing  1.2  par  cent  of  sea  salt  with  soil  extract  (sea 
salt  median)  was  used  in  subsequent  investigations. 


***.«+  FH'TA  4.  ft..  Q.-I+  VmAA  » 
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Oood  growth  occurred  in  sea  salt  medium  with  a 16  per  cent  sea  water 
inoculum,  but  poor  growth  resulted  upon  subculture  in  this  median.  The 
addition  of  EDTA  derivatives  improved  growth  in  first  and  seoond 
passage  cultures  in  see  salt  medium.  The  commercial  products  Di  Sodium 
Verseuate  (Bareaworth  Chemical  Company)  and  Sequestrene  tfa^  (Alroae  Chemi 
oal  Company)  were  equally  effective  for  this  purpose.  In  this  and  the 
following  experiments  with  sea  salt  media,  growth  is  expressed  in  visual 
unite  es  defined  above.  A sea  salt  medium  containing  0,01  per  cent  of 
EDTA  gave  better  growth  than  media  containing  higher  or  lower  concentra- 
tions of  EPTAi 


Per  cent  EDTA 


Qrovth  (visual) 


First  passage 


Second  passage 


0 

0.001 
0.01 
0.02  3' 


2-3 

h 

h 

3 


0 

1-2 

3 

1-2 
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The  r. 'ceasit y for  determining  growth  in  subcultures  of  media  to  be  evaluate 
was  shown  in  this  experiment.  Inadequacies  in  the  control  and  0.05  ter 
cent  ‘£DTA  media  ’^re  not  apparent  in  the  first  passage  cultures  because  of 
the  carryover  of  nutrients  with  the  15  per  cent  3ea  water  inoculum. 


(It)  The  Effect  of  Different  Marine  Sell  Extracts 

Soil  samples  from  the  Pacific  Ocean  (Iv^rness  t^deland  mud'*),  from 
Alaskan  poison  clam  beds^j  and  from  the  Atlantic  Ocean  at  Norfolk,  Vir- 
ginia^, gave  extracts  with  similar  activity.  The  extracts  were  assayed 
at  a 2 per  cent  by  volume  concentration  in  sea  salt  medium  and  in  this 
Windl 0*01  p£M*  c ° nt  of  sddsd  EDTA*  £ir*Sw  p££ss&p6  f?w7dlis  rscsivsd 

a 16  per  cent  sea  water  inoculum.  The  second  passage  media  were  inocu- 
lated with  the  corresponding  first  passage  cultures  (Ik  day)  and  incubated 
11  day*.  Control  media  without  soil  extract  were  included  in  both  passages 
to  give  a measure  of  soil  extract  stimulation.  The  following  results  were 
obtained* 


Soil  extract  source 

First  passage 

Orowth 

(visual) 

Second  passage 

«■ 

SDTA  + 

SDTA 

- SDf A 

♦ SDTA 

Control 

3-1* 

h 

1 

1-2 

Pacific  mud 

it 

u 

2 

3*1* 

Alaskan  clam  bed 

1* 

l*-$ 

1-3 

3 

Norfolk,  Va.,  harbor 

h 

l* 

1-2 

3-1* 

Norfolk,  Va.,  tide 

wash 

W 

U-5 

2-* 

3-1* 

The  four  Soil  extracts  gave  sin&lar  stimulation  in  the  second  passage 
cultures,  with  the  best  growth  occurring  in  the  presence  of  both  soil 

. avf » vsA 

on  v*  *v  ¥"  mm  » i*r 


The  activity  of  the  inorganic  cations  in  soil  extract  was  etudied  by 
ion  exchange  resin  techniques.  A 50  ml  sample  of  marine  soil  extract  was 
■p^sied  through  a 0.75  in.  by  7 in.  column  o?  Dowex-50  followed  by  25  ml 
of  redistilled  water.  Analyses  on  thu  combined  effluent  (decationiced 
soil  extract)  showed  that  Dowex-50  treatment  reduced  the  total  solids  of 
the  soil  extract  sample  from  0.96  to  0,1}  per  cent,  and  the  ash  from  0.1 


1,  Collected  by  R.  Z.  Mills,  Hooper  Foundation,  San  Francisco,  Cal. 

2,  Obtained  by  R.  R.  Hew',  HM1,  USN. 
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p<--r  c-'-  t tc  a r^giig  -'cle  Vvr'l.  Fifty  m.  -o'  d 
redistilled  water  wrre  -..as  so  a t:  .rou^h  the  ctlur 
traction  cat  Lens.  The  stimulatory  a:*iviti^s  - 


Fit  ty  n.  ■■■'  d s h:;l  mi  icwea  ty  jA 

to  remove  the  soil  ex- 
= iuivalent  volumes  of 

and  neutralized  s ar.pl es  of  the  Dowex-jO  fractions 
d in  sea  salt  r/'diur.  wL tr.  sea  water  inoculum.  DecatiorAzed 
soil  extract  cave  first  passage  growth  stimulation  equal  to  untreated  soil 
extract.  The  cation  fraction  did  not  stimulate  growth.  Several  metallic 
cations  were  tested  for  possible  stimulation  of  the  decationized  soil  ex- 
tract. Calcium  (50  pg  per  ml)  was  inactive,  and  magnesium  ( 50  ug  per  mi) 
and  manganese  (10  ug  per  ml)  reduced  the  growtri.  The  mixture  of  inorganic 
trace  nutrients  devised  by  Hoagland  was  also  inactive  and  supported  the 


untreated  soil  extra 


were  comparer 


conclusion  that  inorganiG  cations  we 


rc  not  the  source  of  soil  extract  stimu- 


lation. 


(5)  The  Stimulatory  Effect  of  Sea  Water  in  Sea  Salt  Media 


The  reduction  in  growth  of  0 astanella  with  success ire  passage  in  sea 
salt  media  was  overcome  by  the  addition  of  email  quantities  of  sea  water. 
Similar  growth  stimulation  was  obtained  with  the  filtrate  of  concentrated 
sea  water  which  suggested  that  the  required  sea  water  nutrients  remained 
in  the  concentrated  trine  in  the  commercial  sea  salt  production  process. 

The  laboratory  concentration  of  sea  water  was  carried  out  in  the  following 
manner i 500  ml  of  aea  water  was  concentrated  to  10  ml  on  a steam  bath  and 
transferred  to  a filter.  The  solids  on  the  filter  (laboratory  sea  salt) 
were  washnd  with  distilled  water  to  bring  the  filtrate  (brine)  volme  to 
25  ml.  The  effect  waa  studied  of  including  5 per  cent  of  brine  or  15  per 
cent  of  set  water  m sea  salt  media  prepared  with  commercial  sea  salt  or 
with  laboratory  sea  salt.  Samples  of  11-day  first  passage  growth  in  etch 
medium  were  ueed  to  inoculate  fresh  tubes  of  the  same  madlun.  The  following 
growth  resulted  in  the  second  passage  cultureei 


Supplement 

Commercial 
7 days 

Growth  (visual) 

sea  salt 

14  day* 

Laboratory 
7 days  _ 

eaa  salt 

14  days 

Hone 

1-2 

2 

1-2 

2-3 

Brine 

2 

3-4 

2-3 

3-4 

wafa*1 

3-h 

3-4 

1-2 

4 

It  was  evident  that  th*>  brine  gavo  growth  stimulation  similar  to  sea  water 
in  both  sea  salt  media. 

To  determine  whether  thl3  stimulation  could  be  replaced  by  soil  ex- 
tract, sea  a -Tit  media  containing  different  concentrations  of  soil  extraot 
or  of  sea  water  were  prepared.  The  inoculum  consisted  of  cells  grown,  in 
sea  water  medium  which  were  collected  and  washed  on  coarse  paper  by 
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gravity  f il oration  and  resuspended  in  sea  salt  medium.  This  treatment 
greatly  reduced  the  number  of  motiis  cells  in  the  inoculum  and  prolonged 
the  lag  ;>eriod  of  growth.  The  following  growth  was  obtained  after  lii 
and  21  days: 


Medium 

% soil  extract 

% sea  water 

Growth  (visual) 
lli  days 

21  days 

0 

0 

0 

0 

0 

L. 

0 

0 

0 

1 

0 

0 

0 

6 

0 

0 

0 

10 

0 

v a* 

l-i 

II 

o 

2 

5 

1 

1-3  . 

2 

10 

1-2 

3 

2 

15 

2-3 

k 

sea  water  medium 

97,6 

2 

3-1* 

The  growth  stimulation  shown  by  sea  water  was  not  rsplaoed  by  soil  ex- 
tract. The  washed  inoculvan  technique  was  effective  for  obtaining  valid 
data  with  first  passage  culture!, 

An  experiment  testing  inorganic  trace  elements  as  the  source  of 
the  sea  water  stimulation  was  in  progress  at  the-  termination  of  this 
project.  Several  metallic  cations  werf  added  singly  to  sea  salt  medlun. 
The  first  passage  cultures  received  sea  water  inoculum  and  distinct 
growth  effects  were  not  obtained,  A decreased  lag  period  was  indicatsd 
in  the  media  supplemented  with  ionic  Ca.  Ms.  Mn.  Zn  or  Co.  No  affect  was 
observed  with  ionic  Al,  Hi,  Cu,  Li  or  Mo.  A mixture  of  inorganio  trace 
nutrients  containing  all  of  thess  ions  did  not  promote  growth  in  sea  salt 
mediun  inoculated  with  washed  cells.  The  same  inoculum  grew  in  medium 
supplemented  with  5 per  cent  of  sea  water.  Therefore,  it  seemed  advis- 
able to  add  5 to  15  per  cent  of  sea  water  to  sea  salt  raedim.  The  use 
of  such  media  in  place  of  sea  water  media  would  be  advantageous  for 
poison  production  by  reducing  the  collection,  transportation  and  storage 
of  sea  water  by  at  least  35  per  cent. 
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STOCK  CULTURE 


a.  INTRODUCTION 

Undesirable  outgrowth  oi  the  bacterial  contaminants  present  in  the 
stock  culture  of  G catanella  occurred  in  cultures  held  for  more  than  2 
weeks  without  transfer  and  in  younger  cultures  grown  in  experimental  media 
suppl emented  with  organic  nutrients.  When  the  contaminant  population  be- 
came too  large,  the  3 catanella  cells  did  not  survive.  Several  methods  of 
eliminating  the  contaminants  in  suspensions  of  actively  motile  G catanella 
cells  were  tried:  inhibition  of 'contaminants  by  treatment  with“anl~ibic  tic s , 

separation  by  washing  procedures,  and  elimination  of  contaminants  by 
treatment  with  ultraviolet  light-.  The  presence  of  bacterial  contaminants 
in  the  treated  G catanella  culture  was  determined  by  streaking  on  sea  water 
a'jar  (sea  water”pepione  agar  fortified  with  fish  meal  extract).  The  plates 
were  incubated  at  room  temperature  and  examined  for  bacterial  colonies 
after  21+,  1+8 , and  72  hours.  G catanella  did  not  grow  on  any  solid  media 
tried.  In  no  case,  using  ons”o?  a combination  of  purification  techniques, 
were  the  bacterial  contaminants  entirely  eliminated}  bacterial  cells 
capable  of  eventually  outgrowing  the  Oonyaulax  always  remained. 


b.  THE  EFFECT  OF  ANTIBIOTICS 

(1)  Treatment  of  Isolated  Contaminants  with  Antibiotics 

The  bacterial  contaminants  present  In  the  G catanella  culture  were 
divisible  on  the  basis  of  colony  appearance  on  sea  water  agar  into  three 
general  groups:  (1)  those  forming  "rough"  nonpigmented  colonies,  (2) 

those  forming  "smooth"  nonpigmented  colonies  and  (3)  those  forming  "smooth" 
pigmented  colonies.  Pink  colonies  of  type  (3)  appeared  on  agar  after  2 
to  3 weeks  of  incubation,  while  types  (1)  and  (2)  produced  visabie  colo- 
nise after  2i+  to  1+8  hours  of  Incubation.  Many  oolonies,  belonging  to  all 
three  types,  darksned  on  aging.  The  lag  phase  of  growth  for  all  typas  of 
oontaninants  was  often  longer  when  subcultured  from  a liquid  culture  con- 
taining high  levels  of  antibiotics.  Young  cultures  of  the  above  contami- 
nants were  short  Oram-negative  rods}  however,  older  cultures  often  stained 
irregularly  with  the  Gram  stain.  Pleomorphic  forms  wars  often  seen,  ee» 
peeielly  in  the  presence  of  high  concentrations  of  some  antibiotics,  Type 

(1)  organisms  were  the  most  susceptible  to  the  inhibiting  effects  of  all 
of  the  antibiotics  used,  type  (3)  were  next  in  susceptibility  and  type  (2) 
were  the  least  susceptible.  In  many  cases  the  presence  of  an  antibiotic 
in  a medium  kept  the  bacterial  population  to  a minimum  because  of  inhibi- 
tion but  not  to  death  of  these  cells}  however,  subculturing  into  fresh 
media  without  antibiotics  allowed  the  bacteria  to  multiply  again. 

To  determine  the  most  efficient  concentrations  of  antibiotics  which 
would  inhibit  the  bacterial  contaminants,  pure  cultures  of  types  (1)  arid 

(2) ,  isolated  from  the  mixed  culture,  were  seeded  on  separate  petri  plates 
containing  sea  water  agar  by  spread-ng  0,5  ml  of  a sea  water  suspension  of 
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papR] 


:ac-''riai  culture  With  a sterile  glass  r 
discs  were  nlaced  or'.  '.he  seeded  plates 


w _1  e 


lI  ter 


r.l  of  increasing 


concentrations  of  the  antibiotics  or  brilliant  green  were  placed  asep- 
tically  on  the  filter  papers.  Th®se  plates  w^re  incubated  overnight  at 
roo m temperature-  Inhibition  cf  the  bacterial  growth  was  demonstrated 
by  zones  of  inhibition  around  the  filter  pap^r  discs-  Both  contaminants 
were  inhibited  by  th®  following j IQ'J  jig  per  ml  of  aureonycir.  or  peni- 
cillin Gj,  10  and  100  pg  per  ml  of  streptomycin  or  polymyxin  3;  i(,  aO, 
and  iaOO  units  p*r  ml  of  streptothricinj  and  1000  and  10,000  |*g'  per  nil  of 
brilliant  green,.  Actidione,  0.01  to  ICO  ug  Per  ml,  -id  not  inhibit  either 

contaminant. 


(2)  Treatment  of  the  G cat an® 11 a Culture  with  Antibiotics 


Antibiotics  or  brilliant  green  added  separately  to  G catanulla 
cultures  lid  not  eliminate  the  bacterial  cont® inants.  0 ca tonal la  grew 
in  teat  tubes  containing  5 ml  volines  of  so?  water  medium  when  C.  1 to 
100  |ag  per  r.l  of  the  following  antibiotics  were  added  aaepticallyt  acti- 
dione,  aureomycln,  circulin  sulfate,  polymyxin  B,  crude  polynyxin,  strep- 
tomycin, terrarqrcln,  antibiotic-S  (Abbott),  A686-3  (Bristol),  chloronycotin, 
neomycin  or  viornycin.  G cat  one  11  a also  grow  whsn  4 to  uOO  units  per  ml 
of  strep  to  thricin  ur  1 To  TW6  units  per  ml  of  penicillin  G were  addad 
aseptioally  to  saa  water  medium.  Brilliant  green  (10  to  10,000  pg  per  ml) 
and  penicillin  G plus  procaine  completely  inhibited  the  growth  of  0 cate- 
na 11a  in  eea  water  meditn.  The  '•  rough  *'  colony  type  was  inhibited  Ey  all 
anil  bio  tics  used  except  actidione  and  penicillin  C*.  With  streptomycin, 
polymyxin  E,  circulin  sulfate,  and  A 656-3  fcll  bacterial  contaminants  were 
reduced  to  what  was  considered  lust  on*  type  (type  2). 

The  addition  of  antibiotics  to  s*a  wAter  medium  without  soil  extract 
or  to  Lyman  and  Fleming  medium  without  soil  extract  affected  the  cell  yields 
of  0 oatanalla  as  shown  in  Table  2,  Strap  to thricin,  streptomycin,  peni- 
c 1 1 T in  and  polymyxin  improved  growth  of  G oatanella.  Aureomyoin  (20  to 
100  pg  per  ml)  or  circulin  sulfate  (200  £g  per  ml) ’’inhibited  0 catanella. 

(3)  The  Effect  of  Antibiotics  on  Poison  Production 

When  20  ml  volumes  of  antibiotic-treated  0 catanella  oultures  were 
inoculated  into.  50  ml  of  eea  water  medium,  poison  was  present  in  all 
cultures  after  9 days  of  incubation.  The  highest  cell  counts  and  toxicity 
were  obtained  with  the  culture  treated  with  circulin  sulfate.  One  culture 
yielded  51,000  cells  per  ml  and  0,52  to  0.77  HU  per  ml  culture  and  the 
duplicate  culture  yielded  1*6,000  cells  per  ml  and  0.97  to  1,1*  HU  per  ml 
culture. 

(ii)  Seri.il  Passage  of  G catanella  -in  Media  Containing 
Antibiotics  ” 


Serial  passage  of  G c a tonsil a in  the  presence  of  on®  antibiotic  did 
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Antibiotic  concentration 

Exp. 

None 

25 

Straptothrioir.  6 

O 

CO 

Streptojiycin  5 ng/ml 

Penicillin  G 1 unit/ml 

hO 

n ■ io  « 

26 

" 100  " 

21 

Polymyxin  B 10  pig/ml 

" 20  " 

n xoo  " 

" 200  " 

Circulin  5 Mg/nl 
aulfate 

n 50  it 

i,  100  " 

" 200  " 

Aureomycin  20  tig/ml 

» 100  R 


Cells  per  ml  ( thousands) 
Exp.  2a  Exp. 


1L 


6.5 


23 

2J 

21 


2 

u 

10 

8.5  "31 


9 


13 

10 

12 

h 

7 

1 


a.  Exp-.  1 and  2 - Celia  grown  in  sea  ’water  medium  without  coil 
extract, 

b.  Exp.  3 - Cells  crown  in  Lyman  and  Fleming  medium. 
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not  eliminate  the  contaminants.  Tun  3 cat.ar.nlla  colls  at  the  surfaca  of 
cultures  In  test,  tubes  ware  trar.sf erred' Uut~ weekly  interval  c In  sea  water 
medium  without  soil  extract  hut  containing  ">nr-  th»-  following  antibio- 
tics: 8 or  8-0  units  of  3troptot:;ricin  per  ml;  5 M€  streptomycin  per  ml; 
1,  10  or  100  units  of  penicillin  G per  mi;  10,  20,  100  or  200  uc  poly- 
myxin B per  nl;  3,  30,  LOG  or  20U  nireulin  sulfate  ml:  and  20  or 
100  aureomyctn  per  ml.  G catar.nl la  did  not  survive  after  trie  second 
transfer  in  media  containing  auresnycin  or  streptomycin.  Reduced  growth 
of  G catanella  occurred  in  the  presence  of  the'  other  antibiotics  after  i* 
transfers;  however,  no  culture  was  free  of  contaminants. 

The  growth  of  G catanella  in  sea  water  medium  without  soil  extract 
but  containing  mixtures  of  3 antibiotics  (60  or  100  Mg  of  polymyxin  B,  3 
units  of  rtreptothricin,  and  100  Mg  of  circulln  sulfate  per  ml)  decreased 
with  each  transfer  and  did  not  survive  the  third  serial  passage.  The 
omission  of  soil  extract  in  the  media  used  for  serial  passage  may  have 
beer,  responsible  f or  tb.p  reduction  in  growth. 


c,  ATTEMPTS  TC  REMOVE  BACTERIAL  CONTAMINANTS  BY  WASHING  TECHNIQUES 


An  attempt  was  made  to  separate  Q catanella  from  the  contaminants 
by  rapid  serial  transfer  in  Lyman  and”£ierclng  medium.  The  G oatanella 
culture  was  first  sutcultured  in  sea  water  media  containing”antlkiotioa 
to  reduce  the  conteminant  population  as  follows:  u transfers  in  the  pre- 

sence of  8 units  of  streptothricin  or  100  of  circulln  sulfate  par  ml, 
followed  by  1 transfer  in  the  presence  of  a mixture  of  these  antibiotics. 
Active  cells  from  the  upper  surface  of  the  culture  were  transferred  to 
Lyman  and  Fleming  medium  and  12  similar  transfers  wore  made  at  U5  to  60 
minute  interval*  in  5 ml  voltsnes  of  Lyman  and  Fleming  medium.  After  7 
days  of  incubation  G catanella  cells  wsre  present  in  only  the  first  and 
■eoond  suboultures,-  Contaminants  wers  detected  in  subcultures  1 through 
10  by  inoculation  into  snriched  media. 


Rapid  serial  transfer  of  a protozoan  cell  through  sterile  droplets 
of  media  was  used  by  Glaser  and  Cori^  to  obtain  a bacterial  fres  culture 
of  the  protozoa.  In  repeated  attempts  at  single  call  manipulation  of 
0 oatanella  in  a micropipet  using  a videfield  microscope,  the  Gsnyaulax 
cells  were  not  motile  after  the  second  transfer  ever,  when  a c o id  stage 
was  used  or  all  transfers  were  made  in  the  17  C laboratory.  To  determine 
whether  a very  small  inoculum  could  initiate  growth,  1 or  5 cells  werp 
transferred  to  droplets  of  sea  water  medium  on  a series  of  slides  and 
these  slides  were  incubated  in  an  illuminated  moist  chamber.  All  cells 
were  nonmotiie  after  2 days  and  there  was  no  increase  in  cell  number  after 
? weeks  of  incubation.  To  roduce  the  effects  of  evaporation  of  media 
during  incubation,  several  cells  w*»rh  transferred  by  micropipet  directly 
into  0.5  ml  of  sea  water  medium  in  a test  tube.  There  wnre  no  G catanella 
cells  in  these  tubes  after  2 months  of  incubation.  ~ 


H.  V.  CLas^r  and 


R-ri,  Jour.  Exp.  K'-vi.  5l,  ~37  (1930). 
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A washing  technique  baaed  on  the  differ  once  in  col'  size  between  G 
catanella  and  the  bacterial  contaminants  utilized  a filter  which  would  re- 
tain  the  larger  G catanella  ceils  on  n layer  of  glass  beads  and  allow  the 
smaller  bacteria  to'Ve"  washed  into  the  filtrate.  In  general  the  filters 
consisted  of  18-mn  tapering  pyrox  tubing,  3 to  26  cm,  long,  containing  a 
lower  layer,  (J.5  or  3.0  cm  in  depth,  of  glass  leads  200  p in  diameter  and 
an  upper  layer,  0.5  to  1.8  cm  in  depth,  0:'  glass  beads  100  p in  diameter. 
All  washing  was  performed  at  1?  C.  The  fil ter  was  fitted  to  a sterile 
suction  flask,  a sample  of  Q catanella  culture  was  placed  on  the  filter, 
and  sterile  sea  water  al  1 owe" d_to *TTo vT through  the  filter.  The  washing  was 
discontinued  at  hourly  intervals  and  the. culture  illuminated  for  30  minutes 
to  stimulate  the  Oonyaulax  cells  to  swim  to  the  surface  of  the  liquid  above 
the  filter.  Samples 01  the  culture  above  the  filter  were  removed  and  inocu 
lated  into  sea  water  medium  with  or  without  antibiotics,  Bacteria-free  0 
catanella  cultures  were  not  obtained  even  when  the  following  improvement's 
and  modifications  were  madej  the  Gonyaulax  cells  to  bs  washed  were  passed 
through  two  transfers  at  weekly  intervals  in  sea  water  medium  containing 


circulin  sulfate  to  reduce  the  initial  bacterial  population  the  Oonyaulax 
culture  was  rewasheaj  the  washing  of'  the  cells  was  hastened  by  applying 
gentle  auctions  the  washed  culture  samples  were  inoculated  into  eea  water 
medium  containing  antibiotics  known  to  inhibit  some  of  the  bacterial  con- 
taminants present  (polymyxin  B,  circulin  sulfate,  streptomyoln  or  etrep- 
tothrioin),  Finally  a G catanella  culture,  grown  in  the  presence  of  cir- 
culin sulfate,  was  rewashed  several  tinea  and  each  sampling  of  the  washed 
celle  transferred  to  sea  water  medium  and  sea  water  medium  plus  polymyxin 
B,  circulin  sulfate,  streptomycin  or  streptothricin.  The  bacterial  con- 
taminants were  not  completely  eliminated  by  this  procedure. 


The  number  of  bacteria  was  probably  greater  than  the  number  of  G 
catanella  in  cultures  one  week  old,  even  when  the  usual  growth  of  G cata- 
neTI'a  was  obtained.  A washing  procedure  designed  to  dilute  the  bacteria 
and  not  the  G catanella  cello  was  based  on  the  fact  that  when  sterile  sea 
water  was  ad3e2T'tb"  the  impure  culture,  0 catanella  cells  would  swim  to 
the  surfaoe  of  the  liquid  medium,  allowing  the’ bacteria  in  the  lower  layer 
to  be  continuously  diluted  and  removed.  When  a G catanella  culture  wive 
washed  with  three,  500  ml  volumes  of  sterile  sea'Vater  in  a 1000  ml  dis- 
pensing cylinder  both  Q catanella  and  bacteria  survived.  A 250  ml  level- 
ing bulb  was  then  substituted  for  the  cylinder.  Both  0 catanella  and 
bacteria  were  recovered  after  washing  with  l liter  of  sea  water  but  con- 
tinued  washing  yielded  only'  bacteria. 


d.  IREA1MENT  WITH  ULTRAVIOLET  LIGHT 

0 catanella  cells  were  found  to  be  more  sensitive  to  ultraviolet:' 
light”than  the  bacterial  contaminants,  A thin  lay nr  of  G catanella 
culture  in  the  well  of  a Sterile  culture  slide  was  exposed  'to  ultra- 
violet  light  at  a distance  of  L inches  for  1,  2,  3,  3.5,  u,  L.5,  5,  5-5, 
6 and  ? minutes.  G catanella  cells  survived  and  grew  on  subculture  in 
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it  minutes.  raptorial 
treatment. 


nxpocurc  for  1 to  ; 
or.tani nants  survived  a 


rates  and  in  one  trial  fcr 
periods  of  ultraviolet 


6.  THE  PRODUCTION  OF  OONTAULAX  CATANELLA  POISON 


a.  STATIONARY  CULTURES 

Poison  production  was  studied  in  increasing  volumes  of  sea  water 
medium  to  determine  the  conditions  for  maximum  poison  yields  with  the 
available  17  C facilities.  \ decrease  in  poison  yield’  re  suited  as  the 
depth  of  the  culture  increased  as  shown  by  the  maximum  yields  obtained 
with  various  volumes  of  media-,  in  different  culture  vessels  j 


Volume, 

ml 

Depth, 

cm 

Ceils  per  ml 
( thousands) 

MU  per  ml 

20 

1.5 

33 

' 0.95 

7r\ 

r v 

m • t* 

ho 

1,2 

200 

2,5 

19 

0.57 

GOO 

7.0 

18 

0.22 

1,1*00 

li 

17 

0.18 

l,li00 

11.6 

10 

0.26 

2,000 

5.0 

21 

0.21* 

11,000 

18 

5.7 

O.lp 

Tne  beat  yields  were  obtained 


- 1 mm 

91  IKUUN 


1 * * 
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deep  cultures  were  not  significantly  improved  by  keeping  the  culture 
nixed  by  & magnetic  stirrer  or  stream  of  air  bubbles.  The  better  yields 
in  shallow  cultures  probably  resulted  from  superior  illumination  and 
aeration  of  the  medium. 


b>  ROTATING  CULTURES 

A rotating  iernuuster  was  tested  as  a moans  of  improving  the  aeration 
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Rotation 

Cells  per 

ml  (th 

ousar.; 

is) 

MU 

per  ml 

speed 

days 

days 

rpn 

•r 

** 

P 

7 

9 

10 

11 

2 5 

7 

9 

10 

11 

3 

13 

21 

36 

.oy 

.19 

,2k 

10 

26 

i . 

,11 

.13 

,13 

. 2u 

15 

22 

36 

U7 

62 

50 

.17  .09 

.12 

.18- 

.09 

.06 

33 

.30 

8 

0. 

3 2h 

.56 

The  poison  yields  of  0.3  and  0.06  MU  per  ml  represented  increases  over 
previous  yields  from  cultures  of  this  volume.  The  advantage  of  the  ro- 
tating fe mentor  was  probably  due  to  improved  illumination  and  aeration 
of  the  film  of  culture  carried  on  the  inner  surface  of  the  rotating  bottle. 

The  effect  of  illuminating  with  a single  36  inch,  30  watt  fluores- 
cent tubs  placed  inside  the  rotating  (3  rpm)  bottle  was  studied  as  a means 
of  utiliaing  the  fluorescent  light  more  efficiently  and  of  providing  illmJ, 
•nation  in  opaque  rotating  tanks  proposed  for  production  use,  A stationary 
control  culture  illuminated  the  same  way  was  included  in  each  experiment. 
The  composition  of  the  medium  and  tho  volume  were  the  same  as  in  the  pre- 
ceding experiments  with  outside  illuninatidn.  In  the  first  experiment  un- 
jacketsd  fluorescent  tube*  were  used  with  the  following  results! 


Celle" per  ml  (thousands)  MU  per  ml 

u days  8 days  L days  > 8 days 


Rotating  culture  9 19  .41? 

Stationary  culture  8 21  .55  ' ',6k 


The  poison  extract  from  the  9 -day  rotated  culture  was  lost,  but  the 
similarity  of  the  other  yield  data  indicated  that  rotation  did  not  affect 
the  yields.  In  e second  experiment  the  fluorescent  tube  was  jacketed 
with  a glass  tube  and  the  annular  space  between  the  two  tubes  (5  nm)  was 
filled  with  water -as  a filter  to  remove  possible  harmful  radiation.  The 
results  of  this  experiment  were* 
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Oils  per  ml 

( thousands) 

MU  per  ml. 

6 days 

8 days 

6 flays 

8 days 

Rotating  culture 

. 8 

17 

.36 

.3b 

Stationary  culture 

9 

18 

.1*3 

.29 

The  growth  and  poison  yields  were  smaller  than  with  the  unjacketed  tubej 
therefore,  no  benefit  was  realized  by  filtering  the  light  through  water 
and  glass.  The  experiments  with  inside  illumination  showed  equally  low 
yields  in  stationary  and  rotated  cultures.  It  was  possible  that  the  growth 
of  contaminants  in  these  cultures  may  have  limited  G catanella  cell  and 
poison  yields.  Studies  on  the  use  of  antibiotics  to  'check  contaminant 
growth  in  rotating  cultures  wore  in  progress  at  the  termination  of  the 
project.  The  addition  of  1 Mg  of  polymyxin  B per  ml  of  sea  water  medium 
containing  0.015  per  cent  KKO3  gave  poison  yields  after  7 days  of  incuba- 
tion of  0*1*8  and  0.13  MU  per  ml  respectively  in  rotated  and  stationary 
cultures.  The  effect  of  20  Mg  of  polymyxin  r*«r  ml  of  sraa  water  medium 
containing  0.015  per  cent  KNOl  war:  determined  under  several  conditions  of 
incubation.  Each  bottle  containi"g  3 liters  of  medium  was  inoculated  with 
500  ml  of  the  above  rotated  culture  which  reduced  the  polymyxin  concentra- 
tion to  17  Mg  per  ml.  The  following  yi^'idr  were  obtained* 


Incubation 

Polymyxin 
Mg  per  ml 

Ilium  na- 
tion 

per  ml 

•;  i.!iou:sruid3) 

h -lay 3 . days 

\ 

MU  per  ml 
b days  7 days 

Rotated 

17 

out3ide 

16 

1*8 

0.81 

1.3 

Stationary 

17 

outside 

16 

37 

.31* 

.52 

0 

outside 

21 

3k 

,31  ' 

Stationary 

17 

Inside 

7 

16 

. ••‘Tr* 

, . - - 

0 

inside 

13 

17 

, .21*  - ;i 

*35 

The  re: 

suits  of 

this 

; experiment 

indicated 

that  polymyxin,  rotation  and 

outside  illumination  were  desirable  for  poison  production.  The  poison 
yields  obtained  in  the  rotated  culture  represented  substantial  gains  over 
previous  yields.  With  an  average  yield  of  1 MU  per  ml  per  week  the  total 
poison  production  from  twenty,  3.5  liter  cultures  (capacity  of  the  17  C 
laboratory)  would  be  70,000  MU  per  week.  This  estimate  probably  does  not 
represent  the  ultimate  poison  production  with  the  existing  facilities. 
Additional  gains  in  poison  yield  would  be  expected  with  further  research 
on  the  use  of  antibiotics  or  purified  cultures,  and  on  the  improvement  of 
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the  cul  ture  medium.  In  view  of  these  considerations  it  appears  that,  the 
laboratory  production  of  C crtanella  poison  for  chemical  studies  is 
feasible.  1 
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